Calculation of turbulent boundary layers with heat transfer and pressure gradient utilizing a compressibility transformation.  Part 3:  Computer program manual by Schneider, J. & Boccio, J.
N A S A C O N T R A C T O R  
R E P O R T  
rr) 
cv 
e 
w 
I 
" 
CALCULATION OF TURBULENT BOUNDARY 
LAYERS WITH HEAT TRANSFER AND 
PRESSURE GRADIENT UTILIZING A 
COMPRESSIBILITY TRANSFORMATION 
Part I11 - Computer Program  Manual 
by J. S c h e i d e r  und J. Boccio 
Prepared by 
GENERAL APPLIED SCIENCE LABORATORIES, INC. 
Westbury, L. I., N e w  York 11590 
for Langley Research Center 
N A T I O N A L   A E R O N A U T I C S   A N D   S P A C E   A D M I N I S T R A T I O N  W A S H I N G T O N ,  D. C. JANUARY 1972 
I . .  
https://ntrs.nasa.gov/search.jsp?R=19720007523 2020-03-11T21:43:30+00:00Z
NASA CR-1925 
LAYERS  WITH HEAT T 
IENT UTILIZING A C 
T I - O N  _-  ..PART I .I.! - 
4.-Title and Subtitle CALCULA 
. " 
TECH LIBRARY KAFB, NM 
- 1  2. Govemment Accession No. I 3. Recipient's Catalog No. 
7. Author(s) 
J. Schneider and J. Boccio 
TI ON- OF TURBULENT 
8. Performing Organization Report No. 
GASL TR-748 P a r t  I I I 
" 
. ~. . " . " . ." ~ ~ ~~ 10. Work Unit No. 
Genera! App l i   ed  Sc i en c e   L a b o r a t o r  i es, I nc. 
A S u b s i d i a r y  of t h e  M a r q u a r d t  Company 
Westbury, L . I . ;  New Y o r k   1 1 5 9  
11. Contract or Grant No. 
NASI- 9624 
9. Performin Organization Name and Address 
~ .... ~ 13. Type of Report and Period Covered " 
12. Sponsoring Agency Name and Address 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 
14. sponsoring Agency Code 
- . "" 
15. Supplementary Notes 
" . ". 
A description of the problem formulation and development of the describing dif- 
ferential equations is  presented in Parts I and I I of this report. 
~.Ab;;r~~Th-i's'"i;nanual: aesc r  i be=- n-ew computer program capable of  
d e t e r m i n i n g  t h e  p r o p e r t i e s  o f  a compress ib le   t u rbu len t   boundary  
l a y e r   w i t h   p r e s s u r e   g r a d i e n t   a n d   h e a t   t r a n s f e r .  The p r o g r a m   t r e a t s  
t n e  t w o - d i m e n s i o n a l  p r o b l e m  a s s u m i n g  p e r f e c t  g a s  a n a  C r o c c o  i n t e g r a l  
e n e r g y   s o l u t i o n .  A c o m p r e s s i b i l i t y   t r a n s f o r m a t i o n  I S  a p p l i e d   t o   t h e  
e q u a t i o n  f o r  t h e  c o n s e r v a t i o n  o f  mass and momentum, w h i c h  r e l a t e s  
t h i s  f l o w  t o  a low s p e e d  c o n s t a n t  p r o p e r t y  f l o w  w i t h  s i m u l t a n e o u s  
mass t r a n s f e r   a n d   p r e s s u r e   g r a d i e n t .  The r e s u l t i n g   s y s t e m  o f  
d e s c r i b i n g  e q u a t i o n s  c o n s i s t s  o f  e i g h t  o r d i n a r y  d i f f e r e n t i a l  
e q u a t i o n s  w h i c h  a r e  s o l v e d  n u m e r i c a l l y .  
_ - -  - - .~ - - - ~ ~-~ 
17. Keywords (Suggested by Auth0r.k) ) 
. . . . 
T u r b u l e n t  b o u n d a r y  l a y e r  
H e a t  t r a n s f e r  
P r e s s u r e  g r a d i e n t  
Computer  programs 
18. Distribution Statement 
~. 
Unclassified - Unlimited 
- ". .~. - -~ ~ 1 . . ~. 
19. Security aasi f .  (of this report) 
.. . ~~~ ~- 
20. Security Classif. (of this p a g e )  22. Rice' 21. NO. of Pages 
l l n c l a s s  i f i ed I Unc lass  i f i ed  8 3.00 98 
For sale by the  National  Technical  Information Service, Springfield,  Virginia 22151 

FOREWORD 
The present r e p o r t  is one of a series o f  t h ree  r epor t s  
desc r ib ing  a new computer program which predicts turbulent 
boundary layer  behavior  for  a condi t ion  involv ing  both  hea t  
t r ans fe r  and  p res su re  g rad ien t .  Par t  I se rves  as  a summary 
r epor t  and  desc r ibes  the  gene ra l  ana lys i s  which is u t i l i z e d  
i n  the  numer i ca l  ca l cu la t ion  scheme. I n  Part  I1 t h e  r e q u i s i t e  
low speed formulat ion,  consis t ing of  a constant  property f low 
wi th  combined pressure  grad ien t  and  mass t r a n s f e r  is descr ibed.  
Part  I11 
involved 
The 
PART I 
PART If 
PART I11 
describes the numerical  and computational procedures 
and serves  as a computer program manual. 
t i t l es  i n  t h e  series are: 
- Summary Report - "Calcula t ion  of Turbulent 
Boundary Layers with Heat Transfer and Pressure 
Grad ien t  U t i l i z ing  a Compressibility Transforma- 
t i o n ,  I' by C . Economos and J. Boccio. 
- "Constant Property Turbulent Boundary Layer Flow 
with Simultaneous Mass Transfer and Pressure 
Grad ien t , "  by J. Boccio and C.  Economos. 
- "Computer  Program  Manual,"  by J. Schneider and 
J. Boccio. 
Th i s  i nves t iga t ion  was conducted for the Langley Research 
Center,  National Aeronautics and Space Administration, under 
Cont rac t  N o .  NASl-9624, w i th  M r .  Kazimierz Czarnecki as the 
NASA Technical Monitor.  
The c o n t r a c t o r ' s  r e p o r t  number is GASL TR-748. 
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CALCULATION O F  TURBULENT BOUNDARY LAYERS W I T H  HEAT TRANSFER 
AND PRESSURE GRADIENT U T I L I Z I N G  A COMPRESSIBILITY TRANSFORMATION 
P a r t  I11 - Computer Program Manual 
by J. Schneider and J. Bocci0 
General Applied Science Laboratories, Inc. 
I. INTRODUCTION 
This manual i s  t h e  t h i r d  p a r t  of a three-volume r e p o r t  
descr ib ing  a new computer program which predicts turbulent boundary 
layer  behavior  under the inf luence of  pressure gradient  and h e a t  
t r a n s f e r  by means of  a compressibi l i ty  t ransformation.  I n  t h i s  
procedure use i s  made of a second order closure principal which 
r e l a t e s  t he  f low of i n t e r e s t  t o  a constant  property companion flow 
i n  which pressure gradient  and mass t ransfer  occur  s imultaneously.  
This  manual  actual ly  descr ibes  the operat ion of two new 
programs, the f i rs t  of which provides the required description 
i n  the  transformed  plane.  This  program,  which i s  r e f e r r e d  t o  
h e r e a f t e r  a s  PILOT1,  t reats   the  incompressible   problem  with com- 
b ined  pressure  grad ien t  and mass transfer for two-dimensional 
planar flow. 
The program r e f e r r e d  t o  a s  PILOT2 i s  des igned  to  ca l cu la t e  
turbulent boundary layer flow for the compressible problem with 
p re s su re  g rad ien t  and  hea t  t r ans fe r  i n  the physical  plane.  This  
program a l s o  i s  limited to two-dimensional f lows with perfect gas 
.thermodynamics and a Sutherland Law formula t ion  for  the  v iscos i ty .  
A d e t a i l e d  d e s c r i p t i o n  of the problem formulation along with 
the development of the working differential  equations and the  
necessa ry  aux i l i a ry  cond i t ions  i s  presented i n  P a r t s  I and I1 of 
t h i s   r e p o r t .  This p a r t  is intended p r imar i ly   t o   s e rve   a s  a 
program u s e r ' s  manual and conta ins :  
a. 
b. 
C. 
d. 
e. 
f .  
53- 
h.  
i. 
A descr ipt ion of  the general  program features  and a flow 
diagram descr ibing the overal l  logical  f low of  the program. 
A d e t a i l e d  d e s c r i p t i o n  of program options and their  u se .  
De ta i l ed  in s t ruc t ions  fo r  t he  p repa ra t ion  o f  i npu t  da t a  wi th  
samples for a few cases. 
A desc r ip t ion  of b u i l t - i n  d e f a u l t  o p t i o n s  ( i .e. ,  t h e  modes 
of  operat ion or  pre-set  data  items the program w i l l  u s e  i f  
it receives n o  o t h e r  i n s t r u c t i o n s  t o  t h e  c o n t r a r y ) .  
A complete description of the program built- in error messages 
and h a l t s .  
A desc r ip t ion  of t he  program output and some sample cases. 
A desc r ip t ion  of each program subroutine and f low charts  of  
some of the major program logic. 
A descr ipt ion of  program use,  operat ion,  accuracy,  and 
p r e s e n t  l i m i t a t i o n s .  
Table of program symbols. 
11. GENERA& PROGRAM FEATURES 
These programs provide  the  user  wi th  the  capabi l i ty  t o  
gene ra t e  the  p rope r t i e s  o f  a turbulent  boundary layer  with pres-  
sure gradient using perfect gas thermodynamics.for two-dimensional 
flows. PILOT1, a forerunner  of the compressible  formulation, 
t reated the incompressible  problem only w i t h  p re s su re  g rad ien t  and 
mass t r a n s f e r  i n ' t h e  p h y s i c a l  p l a n e .  PILOT2 does  the  corresponding 
compressible  f low for  pressure gradient  and h e a t  t r a n s f e r  i n  
physical  coordinates .  A Sutherland Law formulation is used t o  
ob ta in  the  v i scos i ty .  
. '  I1-i PILOT1 t h e  u s e r  may s p e c i f y  t h e  c o n d i t i o n s  e x t e r n a l  t o  t h e  
boundary layer i n  terms of  p re s su re ,  ve loc i ty  o r  p re s su re  coe f f i c i en t  
a s  a func t ion  o f  ax ia l  d i s t ance .  The wal l  condi t ion  inputs  a re  blow- 
i n g  v e l o c i t y  a s  some o ther  func t ion  of  ax ia l  d i s tance .  A l l  p ressure ,  
v e l o c i t y  and d i s t ance  in fo rma t ion  inpu t  t o  th i s  p rogram is dimen- 
s i o n a l .  
Condi t ions external  to  the boundary layer  i n  PILOT2 a re  inpu t  
w i t h  t h e  s p e c i f i c a t i o n  o f  t h e  Mach number d i s t r i b u t i o n  a s  a tab- 
ular  funct ion of  normalized axial  dis tance,  the normalizing param- 
e ter  being  the  reference  length.   Wall   condi t ion  input   information 
is the  wal l  t empera ture  d is t r ibu t ion  normal ized  wi th  respec t  to  the  
to ta l  t empera ture  of  the  f ree  s t ream or  re ference  f low and t h i s  
information i s  s p e c i f i e d  a s  a tabular  func t ion  of  the  normal ized  
a x i a l   d i s t a n c e .  The normalizing  parameter is, aga in ,   the   re fe r -  
a c e  length .  These '  t abular  func t ions  of  the  ax ia l  d i s tance  need 
not  be the same fo r  bo th  the  Mach number and wal l  temperature  ra t io .  
The u s e r  may choose to  have the tabulated input  information 
smoothed by t h e  program before being used in  the calculat ions.  
This  opt ion may be chosen independent ly  for  e i ther  external  or  
3 
I 
wal l  condi t ions  or  bo th .  I f  smooth ing  is chosen ,  the  der iva tes  
of the  ex te rna l  and  wa l l  quan t i t i e s  a re  computed from the smoothed 
da ta .  In  PILOT1 only  .ve loc i ty  input  in format ion  may be smoothed. 
Boundary l aye r  p ro f i l e s  can  be  ca l cu la t ed  i n  PILOTl a t  user  
s p e c i f i e d  v a l u e s  o f  a x i a l  d i s t a n c e ,  x,  Reynolds number based on 
momentum th ickness ,  R e  o r  l o c a l  Reynolds number based on 
ax ia l  l oca t ion ,  Rex. The same c a p a b i l i t y  is provided   in  PILOT2 
e x c e p t  t h a t  t h e  a x i a l  d i s t a n c e  i s  a non-dimensional quantity 
normalized with respect  to  the reference length.  
0 
The user  has  the opt ion of  present ing PILOT2 wi th  the  input  
da ta  i n  e i ther  Engl i sh  sys tem engineer ing  uni t s  or  In te rna t iona l  
(S.1.) u n i t s  and r eques t ing  the  ou tpu t  t o  be  i n  e i t h e r  o f  t h e s e  
formats. PILOTl has  no such  provision  and  input-output i s  
spec i f i ed  i n  English system engineering units only.  
The general flow of program computation is v e r y  s i m i l a r  i n  
PILOTl and PILOT2 and is a s  follows: 
Read i n  and/or  eva lua te  a l l  ex te rna l  and  wal l  
condi t ions ,  smooth  them, i f  r e q u i r e d ,  and numerically 
compute t h e i r  d e r i v a t i v e s .  
I n i t i a l i z e  t h e  d e p e n d e n t  v a r i a b l e s .  
I n  PILOT2,  g e n e r a t e  a n  i n i t i a l  v a l u e  of the  
blowing parameter i f  p r o f i l e  i n f o r m a t i o n  is 
not  ava i lab le .  
In i t ia l ize  the  remain ing  dependent  var iab les ,  
eva lua te  the  wake funct ion form s e l e c t e d  by 
the  user  and t h e  d e r i v a t i v e  o f  t h i s  f u n c t i o n .  
I n t e r p o l a t e  t o  f i n d  t h e  v a l u e s  o f  t h e  l o c a l  e x t e r n a l  
and  wal l  quant i t ies  and  the i r  der ivat ives  a t  t h e  i n i t i a l  
s t a t i o n .  
Eha lua te  the  coe f f i c i en t s  o f  t he  ma t r ix  o f  o rd ina ry  
d i f f e r e n t i a l  e q u a t i o n s  and f i n d  i t s  so lu t ion  vec to r .  
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Integrate  the system of  equat ions.  
Calcu la te  the  boundary  layer  proper t ies  assoc ia ted  
wi th  the  loca l  so lu t ion .  
S to re  the  results of a completed i n t e g r a t i o n  s t e p  
i n  an output  array whose s i z e  is  determined by 
t h e  user. 
T e s t  t h e  r e s u l t s  o f  t h e  i n t e g r a t i o n  t o  s e e  i f  t h e  
program should be terminated for some reason. 
Check program counters  to  see  i f  the  resu l t s  a re  
to   be   p r in t ed .  
I f  p r in t ing  of  ou tput  in format ion  is des i r ed ,  
p r in t  the  output  accord ing  to  the  spec i f ic  format  
of  each  program.  For PILOT1 output  is i n  four 
blocks which consist  of:  
(1) dependent   var iables  and t h e i r   d e r i v a t i v e s  
(2) i n t e g r a l   p r o p e r t i e s  and  boundary l aye r  
parameters 
( 3 )  e x t e r n a l  and w a l l   p r o p e r t i e s  
(4) a d d i t i o n a l   p r o p e r t i e s  
For PILOT2 the  four  output  blocks are  composed of :  
dependent   var iables  
der iva t ives  of  the  dependent  var iab les  
a d d i t i o n a l  p r o p e r t i e s  (Group 1) - cons i s t ing  
of normalized axial  dis tance,  momentum and 
displacement thickness and Reynolds numbers 
based on t h o s e  q u a n t i t i e s  
a d d i t i o n a l  p r o p e r t i e s  Group ( 2 )  - c o n s i s t i n g  
of  the form f a c t o r ,  s k i n  f r i c t i o n  c o e f f i c i e n t  
and re la t ive  e r ror  parameters  of  the  so lu t ion  
5 
. . . . . . ." . .. ." - 
A f t e r  the output  b locks  a re . 'p r in ted ,  the program then searches 
the  input  va lues  of x, ( o r  x / L ) ,  R e  o r  Rex a t  which p r o f i l e s  a r e  
desired, to  see it any a r e  w i t h i n  t h e  p r e s e n t  bounds of t h e . o u t p u t  
array.  If some va lues  a re  w i t h i n  the  present  ou tput  a r ray  range ,  
addi t ional  computat ion is performed, profiles are generated and 
8 
t h e  r e s u l t s  a r e  p r i n t e d .  
If no p r o f i l e   v a l u e s   f a l l  w i t h i n  the p resen t  ou tpu t  a r r ay  
range, or  i f  no p r o f i l e s  a r e  desired, the program continues w i t h  
the i n t e g r a t i o n  and begins to  genera te  a new output  array.  
111. PROGRAM OPTIONS AND THEIR SELECTION 
CARD -1 - ,CON,T,ROL, CARD, 
A l l  program u s e r s '  o p t i o n s  f o r  e i t h e r  PILOT1 o r  PILOT2 a r e  
se l ec t ed  wi th  one  con t ro l  ca rd  wh ich  appea r s  a s  t he  f i r s t  
of t he  inpu t  da t a  pack .  In  add i t ion ,  t h i s  con t ro l  ca rd  
may be used t o  o u t p u t  t h e  d e t a i l s  o f  c e r t a i n  p o r t i o n s  o f  t h e  
program calculat ion during selected s teps  in  the computat ion.  
All s e l e c t i o n s  on t h e  c o n t r o l  c a r d  a r e  made i n  integer  format  
and con t ro l  ca rd  b l anks  a re  in t e rp re t ed  by the  program con t ro l  
as  zeros .  
A. The fol lowing  descr ibes   the  opt ion  select ions  for  PILOT1. 
Columns 
1-3 NOXPTS The number o f   ax i a l   po in t s   a long  which the  
ex te rna l  p re s su re ,  ve loc i ty  o r  p re s su re  
c o e f f i c i e n t  w i l l  be spec i f i ed .  This number 
must  be r ight  adjusted i n  t h e  f i r s t  t h r e e  
columns on the  card.  A t  p r e sen t ,  program 
dimensions are se t  up to  hand le  up t o  and 
including 50 po in t s .  
4-6 N P  RFPT The number of p o i n t s   a t  which p r o f i l e s   a r e  
des i red .   This  number m u s t  be r i g h t  a d j u s t e d  
i n  columns 4-6. A t  p resent ,   p rovis ion   has  
been made f o r  r e q u e s t i n g  p r o f i l e s  a t  up t o  
and including 20  va lues  o f  x ,  Ree o r  Re,. 
7 -9 N I N T P T  The number of   in tegra t ion   s teps   be tween 
ad jacent  l i n e s  of p r i n t o u t .  S ince  t h e  i n t e -  
grat ion package .is a v a r i a b l e  s t e p - s i z e  r o u t i n e ,  
this  parameter  provides  the user  with some 
cont ro l  over  the  amount of computed information 
which is a c t u a l l y  p r i n t e d .  A s  above,  thisnumber 
must  be  r igh t  ad jus ted  i n  columns 7-9 and may be 
a s  l a r g e  a s  999. 
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,C.o.lumns, 
10-12 KTEST The number which   de te rmines   the   s ize   o f  the   ou t -  
pu t  p r in t  b locks  and  mus t  be  r igh t  ad jus t ed  in  
columns 10-12. A t  present,  program  dimensions 
provide  for  ou tput  b locks  of  up t o  and includ- 
ing  50 l ines .  Experience with the program has 
i n d i c a t e d  t h a t  a value of  KTEST % 50 is a  good 
13 
14 
choice. 
WAKE This column is u s e d   t o   s e l e c t   t h e  form of   the 
FUNCTION wake func t ion  des i red  by the  user  i n  the course 
SELECTION of  program  computation.  Three  forms  are  avail- 
a b l e  and a re  se l ec t ed  a s  fo l lows .  
I f   t h e   i n t e g e r  The wake func t ion  
i n  Column 13 is form is 
0 6qa - 4q3 ( a f t e r   C o l e s )  
1 1 - cos 777 
2 39q3 - 1 2 5 ~ ~  +183v5 -1337' +38q7 
The normal  defaul t  opt ion selects  Coles  wake 
func t ion  for  eva lua t ion .  
MASS This column p e r m i t s   t h e   u s e r   t o   S e l e c t  mass 
TRANSFER t r ans fe r   a s   an   op t ion  i n  t he  program. BY spec- 
OPTION i fy ing  a number o ther   than   zero  i n  column 1 4 , t h e  
u s e r  ind ica tes  he  desires t o  make the  program con- 
puta t ion  wi thout  mass t r a n s f e r ,  and  program con t ro l  
w i l l  not expect ' to find any such information spec- 
i f i e d .  The de fau l t   op t ion ,  a zero   o r   b lank  i n  
column 14,  indicates  blowing veloci ty  informa- 
t i o n ,  i . e . ,  VBAR a s  a tabular  func t ion  O f  a x i a l  
d i s t ance ,  x, is to  be expected by the program. 
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Columns 
15 VELOCITY If ve loc i ty   n format ion  is i n p u t   t o   t h e  
SMOOTHING program a s   t h e   s p e c i f i c a t i o n   o f  e x t e r n a l  
OPT I O N  condi t ions and t h e   u s e r   d e s i r e s   t o   h a v e  
the  . input  in format ion  smoothed before  it 
is used i n  the computation, he may in se r t  
a number o ther  than  zero  i n  column 15. 
A zero  or  b lank  i n  column 15 resul ts  i n  
no smoothing of input velocity information. 
16 PROF ILES Column 16 is  used to   spec i fy   the  parameter  
which is t o  s e r v e  a s  the independent vari-  
ablve a t  which p r o f i l e s  a r e  desired. 
I f   t h e   i n t e g e r  i n  P r o f i l e s  w i l l  be 
Column 16 is: c a l c u l a t e d   a t   u s r  
spec i f ied  va lues  of :  
0 X 
1 
2 
R e  
6 
17-19 NXWPTS 
( A  blank i n  column 16 i s  assumed t o  be a 
ze ro . )   I f  no p r o f i l e s   a r e   d e s i r e d   ( i . e . ,  
columns 4-6 a r e  z e r o ) ,  column 16  i s  ignored. 
(Note: If column 16 i s  l e f t  b l a n k  and the  
program terminates  via  the error  terminat ion 
mode,  a p r o f i l e  w i l l  be generated a t   t h e  
l a s t  p r o f i l e  p o i n t  u s i n g  x a s  t h e  p r o f i l e  
parameter. 
T h e  number of  axial  points  a long which the 
mass t ransfer  parameter  w i l l  be s p e c i f i e d ,  
This number must be r i g h t  a d j u s t e d  i n  
columns 17-19. A t  p r e sen t  program  dimen- 
s ions  a re  capable  of  accept ing  up to and 
including 50 po in t s .  
9 
Columns 
20 EXTERNAL Column  20 is  used t o  select  t h e  form i n  
CONDITIONS which ex te rna l   cond i t ions   a r e   supp l i ed  
to the program. 
I f   t h e   i n t e g e r  i n  The input   op t ion  
Column  20 is: s e l e c t e d  is: 
2 1  
22  
23 SPECIAL 
HALT 
0 
1 
2 
Pressure a s  a tab- 
u la r  func t ion  of  x 
V e l o c i t y  a s  a tab- 
u la r  func t ion  of  x 
P r e s s u r e  c o e f f i c i e n t  
a s  a tabular  func t ion  
of x 
Note tha t  t he  de fau l t  op t ion  a s sumes  the  
user  w i l l  normally input pressure informa- 
t i o n .  
Not used i n  t h i s  program. 
Before making a lengthy computation the 
u s e r  m i g h t  l i k e  t o  examine t h e  resul ts  of 
t h e  f i r s t  few i n t e g r a t i o n   s t e p s ,  By select- 
ing  a small  number, n ,  ( i - e . ,  2 o r  3 )  f o r  
KTEST i n  column 1 2 ,  i n s e r t i n g  a 1 i n  column9 
f o r  NINTPT, t h e  number o f  i n t e g r a t i o n  s t e p s  
between adjacent l i n e s  o f  p r in tou t ,  and 
i n s e r t i n g  a number o the r  t han  ze ro  in  
column 23 t h e  program w i l l  h a l t   a f t e r  
pr in t ing  an  output  a r ray  of  n l i n e s  cor re-  
sponding t o  n i n t e g r a t i o n   s t e p s .  I n  a l l  
o ther  cases  column 23 shou ld  be  l e f t  b l ank .  
10 
Co l w n s ,  
24 
25 MASS TRANSFER 
SMOOTHING 
26 
27 ' 
28 BLOCK DATA 
STORAGE O F  
QUADRATURE 
INTEGRATION 
RESULTS 
3 
Not used i n  t h i s  program 
If mass t ransfer  in format ion  is input  t o  
the program and the u s e r  desires to  have  
the input  information smoothed before  being 
used by the program, he may i n s e r t  a number 
o the r  t han  ze ro  in  column  25. A zero  or  
blank i n  column 25 r e s u l t s  i n  no smoothing 
of  input  mass t ransfer  in format ion .  
Not used i n  t h i s  program. 
The quadra tu re  in t eg ra t ion  done by sub- 
rou t ine  ' I N T G R L '  is completely  independent 
of any other program calculations and 
depends only upon t h e  form of t h e  wake 
func t ion  se lec ted  by t h e  user. To avoid 
the  reca lcu la t ion  of  th i s  in tegra l  every  
t i m e  t h e  program i s  used ,  the  in tegra t ion  
was performed once fo r  the most commonly 
used form of  the  wake funct ion,  namely 
Coles, ( i . e . ,  W ( q )  = 6q2 - 4q3) and the  
resul ts  saved and pre-set i n  the block 
data  subprogram. A zero  or   blank i n  
column 2 8  i n d i c a t e s  t o  program c o n t r o l  t h a t  
t he  use r  wan t s  t o  u s e  Coles form o f  the  
wake func t ion  and moreover, accepts the 
block  data   s tored  values .   Should  the 
u s e r  d e s i r e  t o  u s e  e i t h e r  o f  t h e  o t h e r  
two forms of the wake f u n c t i o n  o r  d e s i r e  t o  
have  the  program reca lcu la te  the  in tegra l  
f o r  Coles form o f  t h e  wake funct ion,  he 
must inser t  a number o ther  than  zero  in  
column 28. I1 
Columns 
29 SPECIAL HALT 
FOR EDGE 
CONDITIONS 
30 I T M T  
( I n t e g r a t i o n  
Package Test) 
31-47 DUMP 
SWITCHES 
Before performing any integrat ion the user 
may d e s i r e  t o  examine t h e  i n p u t  and d e f a u l t  
data the program w i l l  a c t u a l l y  u s e  i n  t h e  
c a l c u l a t i o n s  a s  w e l l  a s  t h e  wall. conditions, 
edge  condi t ions  and  par t icu lar ly ,  the  
d e r i v a t i v e s  o f  t h e  l a t t e r .  T h i s  may be 
accomplished by mere ly  in se r t ing  a number 
o ther   than   zero  i n  column 29.  The program 
w i l l  then pr int  the above information and 
halt .   During  normal  program  operation, 
column 29 should  be  le f t  b lank .  
When a  number o ther  than  zero  i s  i n s e r t e d  
i n  column 30,  the integrat ion package w i l l  
p r i n t  o u t  a t ime his tory of  the computing 
i n t e r v a l  and the  r easons  fo r  i ts v a r i a t i o n .  
For normal program operating, column  30 
shou ld  be  l e f t  b l ank .  
The 1 7  switches represented by columns  31-47 
may be  used  to  examine  the  de ta i l s  o f  the  
computation being made by a pa r t i cu la r  sub -  
routine  of  the  program. Each switch  con- 
t r o l s  one subroutine and a l l  swi tches  a re  
independent  of  one  another.   If  a  number 
o ther  than  a zero  or  a blank is i n s e r t e d  i n  
any member of  this  group,  the important  
parameters and some o f  t he  quan t i t i e s  u sed  
t o  compute them w i l l  be printed each time 
the  rou t ine  a s soc ia t ed  wi th  them is ca l l ed .  
These switches w e r e  o r i g i n a l l y  i n t e n d e d  t o  
a i d  i n  debugging portions of the program and 
have  been l e f t  i n t a c t  from t h a t  t i m e .  The 
12 
Columns 
31-47 ( c o n t ' d )  
Column 
31 
32 
33 
34 
35 
36 
37 
38 
Subroutine 
Dumped 
MAIN 
FUNCT 
PROFIL  
PRFILE 
COEFFS 
GETFS 
LMDA 
GETQS 
61-64 DUMP 
65-68 SWITCH 
69-72 VALUES 
u s e r  is warned t h a t  t h e  u s e  of  these switches 
can generate a la rge  quant i ty  of  ou tput .  
Control i s  a s  ind ica t ed  below: 
Subroutine 
Column Dumped 
39 BOUNDE 
40 
41 
42 
43 
DERSUB 
BLPROP 
INTGRL 
I N I T 2  
44 DATPRP 
45 I N P U T  
46 
47 
CHSUB 
TRAPIN 
These columns may be used t o  t u r n  on o r  o f f  
the  t rac ing  sequence  selected i n  columns 
31-47  by spec i fy ing  the  in t eg ra t ion  s t eps  
( a s  i n t e g e r s )  a t  which t h e  u s e r  would l i k e  
the  changes  to  occur.  Three  such  changes 
a re  permi t ted  and t h e  i n t e g r a t i o n  s t e p  a t  
which each is t o  occur should be r i g h t  
a d j u s t e d  i n  columns  61-64 f o r  t h e  f i r s t ,  
65-68 for the second, and 69-72 f o r  t h e  t h i r d .  
The on-off mechanism is keyed t o  the switch 
f o r  MAIN (Column 31) .  The following  example 
w i l l  i l l u s t r a t e  t he  use  o f  t he  above .  The 
user  desires to  t r a c e  t h e  r o u t i n e  c a l l e d  
'BOUNDE'for t h e  f i r s t  t h r e e  i n t e g r a t i o n  s t e p s ,  
then trace the program between the 52 and 
153  in t eg ra t ion  s t eps ,  and then  cont inue  the  
c a l c u l a t i o n  i n  t h e  normal mode. The switch 
s e t t i n g s  would be: 
13 
Co 1.m.n.s. 
61-72 ( con t ' d )  Co,l,m.n, 
31 
39 
64 
6 7  
68  
70 
7 1  
72 
This would 
.I.n-t.e,q"er, 
1 
1 
3 
3 
r e s u l t   i n  MAIN and BOUNDE being 
t r a c e d  f o r  t h e  f i r s t  t h r e e  i n t e g r a t i o n  s t e p s .  
The t racing sequence would be shu t  off a f t e r  
t h e  t h i r d  i n t e g r a t i o n  s t e p  and would be turned 
on a g a i n  f o r  a l l  r o u t i n e s  a t  i n t e g r a t i o n  s t e p  
number 52. The t r a c i n g  would continue  through 
s t e p  1 5 3  a t  which time it would be turned  of f  
and the computation would proceed normally. 
Note t h a t  f o r  normal program operation 
columns 61-72 should be l e f t  blank. 
To i l l u s t r a t e  t h e  p r e p a r a t i o n  o f  t h e  c o n t r o l  c a r d  for 
PILOT1 a sample is presented below. 
14 
For t h i s  c a s e ,  t h e  u s e r  p r e s c r i b e s  23 points (columns 
2 and 3 )  a t  which velocity information (column 20 contains  a 1) 
is  i n p u t .  P r o f i l e s  a r e  t o  be generated a t  10 po in t s  (column 5 
conta ins  a 1 and  column 6 i s  blank ( i . e - ,  assumed t o  b e  z e r o ) ) .  
The a x i a l  c o o r d i n a t e ,  x, i s  the  p ro f i l e  pa rame te r  s e l ec t ed .  
(column 16 i s  l e f t  b l a n k )  . 
Output information w i l l  be i n  blocks of 25  l i n e s  
(columns 11 and 1 2 ) ,  e ach  l i ne  r ep resen t ing  1 i n t e g r a t i o n  s t e p  
(column 9 1 . 
Coles form o f  the  wake parameter is used  (column 13 
i s  b lank)  as  pre-se t  i n  the block data subprogram (column 28 is 
b lank) .  
Mass t ransfer  in format ion  is being input (column 14  
is b l a n k )  v i a  a t ab le  con ta in ing  10 pieces of data (columns 18 
and 19) . 
Both v e l o c i t y  and mass t ransfer  in format ion  is t o  b e  
smoothed before  being used (columns 15 and 25 a r e  1). A t ab le  o f  
controlcard parameters  i s  provided a t  t h e  end o f  t h i s  r e p o r t  f o r  
quick reference.  
B. The sec t ion   t ha t   fo l lows  w i l l  now descr ibe   the   op t ion  
selections a v a i l a b l e  for PILOT2. 
Columns 
1-3 NOXPTS The number of axial   points   a long  which  the Mach 
number w i l l  be specif ied.   This  number must be 
r i g h t  a d j u s t e d  i n  t h e  f i r s t  t h r e e  columns  on 
the  card.  A t  p r e sen t ,  program  dimensions  are 
s e t  up to  handle  up t o  and including 50 po in t s .  
15 
Columns 
4-6 NPRFPT The number o f   p o i n t s   a t  which p r o f i l e s   a r e  
desired.  This  number must  be  r igh t  ad jus ted  
i n  columns 4-6. A t  p resent ,   p rovis ion   has  
been made f o r  r e q u e s t i n g  p r o f i l e s  up t o  and 
including 20  values  of  x/L, Reg o r  Rex. 
7-9 NINTPT The number of   integrat ions  s teps   between 
ad jacent  l i n e s  o f   p r in tou t .  S i n c e  t h e  i n t e -  
grat ion package is a va r i ab le  s t ep - s i ze  rou t ine ,  
this  parameter  provides  the user  with some con- 
t r o l  o v e r  t h e  amount of  computed information 
which is  a c t u a l l y   p r i n t e d .  A s  above, t h i s  
number must  be  r igh t  ad jus t ed  i n  columns 7-9 
and may be  a s  l a rge  a s  999. 
10-12 PTEST The number which  determines  the  s ize   of   the  
ou tpu t  p r in t  b locks  and must be r i g h t  a d j u s t e d  
i n  columns 10-12. A t  p r e sen t ,  program  dimen- 
s ions  provide  for  ou tput  b locks  of  up t o  and 
including 50 l i n e s .  Experience  with  the  pro-  
gram has  ind ica ted  tha t  a va lue  of KTEST 5 50 
is a  good choice.  
13 WAKE This column is used t o  select the  form of   the  
FUNCTION wake func t ion  des i red  by t h e  user i n  the course 
SELECTION of  program  computation.  Three  forms  are  avail- 
a b l e  and a re  se l ec t ed  a s  fo l lows :  
I f   t h e   i n t e g e r  The wake funct ion form is 
i n  column 13 is 
0 6q2-4q3 ( a f t e r   C o l e s )  
2 39q3 - 1 2 5 ~ ~  +183q5 - 1 3 3 ~ ~  +38q7 
1 1 = cos 7171 
The normal  defaul t  op t ion  se lec ts  Coles wake 
func t ion  for  eva lua t ion .  
16 
Columns, 
14 LEADING I f   p r o f i l e   i n f o r m a t i o n  i s  no t   ava i l ab le  and t h e  
EDGE u s e r   d e s i r e s   t h a t  the program  generate   an  ini t ia l  
OPTION value  of   the  dependent   var iable   represent ing 
mass t r a n s f e r ,  VBARO, from t h e  s p e c i f i e d  i n i t i a l  
va lue  o f  t he  sk in  f r i c t ion  pa rame te r ,  P H I O ,  
and t h e  o t h e r  i n p u t  i n i t i a l  c o n d i t i o n s ,  h e  
inser ts  a number o the r  t han  ze ro  i n  coluum 14. 
With a zero or  blank i n  column 1 4 ,  a value  of 
VBARO must be inpu t  o r  t he  p re - se t  va lue  s to red  
i n  the block data subprogram w i l l  be used. 
15 MACH I f   t h e  u s e r  desires t o  smooth the   input  Mach 
NUMBER number information  before it is  used by the  
SMOOTHING pro.gram,  he i n s e r t s  a number other  than zero 
i n  column 15. Otherwise no smoothing on t h i s  
i npu t  da t a  i s  performed. 
16 PROFILES Column 16 i s  used  to   specify  the  parameter  
which i s  to  serve  as  the  independent  var iab le  
a t  which p r o f i l e s  a r e  desired. 
I f   t h e   i n t e g e r  i n  P r o f i l e s  w i l l  be 
column 16 is: c a l c u l a t e d   a t u s e r  
spec i f i ed  va lues  of :  
0 x /L 
1 
2 
R e  
8 
( A  b l ank  in  column 16 is assumed t o  be zero . )  
If no p r o f i l e s  a r e  desired ( i . e . ,  columns 4-6 
a r e   z e r o )  column 16 is ignored.   I f  column 16 
has  been  l e f t  b l ank  and t h e  program terminates 
v i a  the  e r ro r  t e rmina t ion  mode, a p r o f i l e  is 
generated with x/L as  the  p ro f i l e  pa rame te r .  
17 
Columns 
17-19 
20 
21 
22 
23 
24 
25 
26-27 
NXWPTS The number of   axial   points   a long which wal l  
temperature data w i l l  be specified.  This number 
must  be r i g h t  a d j u s t e d  i n  columns  17-19. A t  
p resent ,  program dimensions are capable of 
accept ing up t o  and including 50 poin ts .  
( Not used i n  t h i s  program 
SPECIAL Before making a lengthy  computation  the  user 
HALT might   l ike   to  examine t h e   r e s u l t s   o f   t h e   f i r s t  
few in t eg ra t ion  s t eps .  By s e l e c t i n g  a small  
number, n ,  ( i . e . ,  2 o r  3) f o r  KTEST i n  column 12, 
i n s e r t i n g  a 1 i n  column 9 f o r  NINTPT, the  number 
o f  i n t eg ra t ion  s t eps  between adjacent  l i n e s  of 
p r in tou t ,  and i n s e r t i n g  a number other  than zero 
i n  column 23 t h e  program w i l l  h a l t   a f t e r   p r i n t i n g  
an output array of n l i n e s  corresponding to n 
i n t eg ra t ion  s t eps .  I n  a l l  o t h e r  c a s e s  column 23 
should be l e f t  blank. 
Not used. 
WALL I f   t h e   u s e r   d e s i r e s   t o  smooth the   input   wal l  
TEMPERATURE temperature  information  before it is used 
SMOOTHING by t h e  program, he inserts a number o ther  
than  zero  in  column 25. Otherwise, no 
smoothing on th i s  i npu t  da t a  is performed. 
U N I T S  Provision  has  been made i n  t h e  program f o r  
SELECTION spec i fy ing  e i ther  input ,  ou tput ,  o r  bo th  i n  
either English system engineering units ( i . e . ,  
the pound-force, slug-mass system) or the 
18 
Columns 
26-27 ( con t ' d )   In t e rna t iona l  System ( S . 1 , )  which is  b a s i c a l l y  
the MKS system. Column 26 cont ro ls  the u n i t s  
of the information to be input.  If column 26 
is  other  than zero,  the program expects the 
input  information to  be in  S. I. u n i t s .  Column 27 
con t ro l s  the uni t s  of  the  informat ion  to  be 
output. A s  above, i f  column 27 is other   than 
zero,  the program  assumes the  u s e r  d e s i r e s  t h e  
output  information  in S . I .  un i t s .  If columns 
26 and 27 a r e  l e f t  b l a n k ,  the defaul t  op t ions  
( i . e . ,  English system u n i t s  are  expected for  
input  and w i l l  be used for output) are used. 
Two add i t iona l  items must be mentioned: 
(1) the un i t s  o f  i npu t  quan t i t i e s  may not be 
mixed between the systems, and ( 2 )  a l l  i n t e r n a l  
calculat ions of  dimensional  quant i t ies  are  
performed using English system engineering u n i t s  
and the detai ls  of  the computat ion of some 
selected port ion of  the program w i l l  be output 
i n  t h i s  system. 
28 BLOCK DATA The quadra ture   in tegra t ion  done by sub- 
STORAGED rout ine  I I N T G R L  ' is completely  independent 
QUADRATURE of  any  other program ca lcu la t ions  and depends 
INTEGRATION only upon the  form of  the  wake funct ion 
RESULTS selected by the   user .  To 'avoid  the  recal-  
cu la t ion  of  this integral  everytime the program 
is  used,  the integrat ion was performed once f o r  
t h e  m o s t  commonly used form of the wake function, 
namely Coles, ( i .e . ,  W(q) = 6q2 - 4q3) and the  
19 
,Co l w n s ,  
28 ( c o n t ' d )  resu l t s  saved  and  pre-se t  in  the  b lock  da ta  
subprogram. A ze ro  o r  b l ank  in  column 28 ind i -  
c a t e s  t o  program c o n t r o l  t h a t  t h e  u s e r  w a n t s  t o  
use Coles form of the wake function and moreover, 
accepts   the  block  data   s tored  values .   Should 
t h e  u s e r  d e s i r e  t o  u s e  e i t h e r  o f  t h e  o t h e r  
two forms of the wake f u n c t i o n  o r  d e s i r e  t o  h a v e  
t h e  program r e c a l c u l a t e   t h e   i n t e g r a l   f o r   C o l e s  
form of the wake func t ion ,  he must i n se r t  a 
number o ther  than  zero  in  column 28.  
29 SPECIAL HALT Before  performing  any  integrat ion  the  user  
FOR EDGE may d e s i r e   t o  examine the input   and   e fau l t  
CONDITIONS da t a   t he  program w i l l  a c t u a l l y  u s e  i n  t h e  
c a l c u l a t i o n s  a s  w e l l  a s  the  wal l  condi t ions ,  
edge conditions and p a r t i c u l a r l y ,  t h e  d e r i v a t i v e s  
o f  t h e  l a t t e r .  This may be  accomplished by 
mere ly  in se r t ing  a number o the r  t han  ze ro  in  
column 29. The program w i l l  t h e n  p r i n t  t h e  
above  information and halt .   During  normal 
program operation, column 29 should be l e f t  blank. 
30 ITEXT When a number o ther   than   zero  i s  i n s e r t e d  
( I n t e g r a t i o n  i n  column 30, the   in tegra t ion   package  w i l l  
Package  Tes t )  p r in t  ou t  a t ime his tory of  the computing 
31-53 DUMP 
SWITCHES 
i n t e r v a l  and the  reasons  for  i t s  v a r i a t i o n .  
For normal program operating, column 30 should 
b e  l e f t  b l a n k .  
The 23 switches represented by  columns 31-53 
may be used to  examine the detai ls  of  the com- 
puta t ion  be ing  made by a p a r t i c u l a r  s u b r o u t i n e  
of  the  program. Each switch  controls  one  sub- 
rou t ine  and a l l  swi t ches  a re  independen t  of one 
20  
Co,lumns 
31-53 ( c o n t ' d )  another .  I f  a number otfier than a zero o r  a 
blank is i n s e r t e d  i n  any member of t h i s  group, 
the important parameters and some of t h e  
quan t i t i e s  u sed  t o  compute them w i l l  be  p r in t ed  
each time t h e  rou t ine  assoc ia ted  wi th  them i s  
called.   These  switches were o r ig ina l ly   i n t ended  
to a i d  i n  debugging portions of t h e  program and 
have  been l e f t  i n t a c t  from t h a t  time. The use r  
i s  warned t h a t  t h e  u s e  of these switches can 
,Cp l.umn 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
generate  a l a r g e  q u a n t i t y  of output .  Control  
is as  indicated below: 
Subroutine Column Subroutine 
Dwped Dumped 
M A I N  42 INTGRL 
FUNCT 43 I N I T 2  
PROFIL 44 NOT USED 
PRFILE 45 INPUT 
COEFFS 46 CHSUB 
GETFS 47 TRAP I N  
LMDA 48 SUBLYR 
GETQS 49 PARDRV 
BOUNDE 50 VSTART 
DERSUB 51 NOT USED 
BLPROP 52 UNITS 
53 FPRIM 
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Columns 
61-64 DUMP These  columns may be   used   to   tu rn  on o r   o f f   t h e  
65-68 SWITCH t racing  sequence  s lected i n  columns  31-53 by 
69-72 VALUES spec i fy ing   t he  in t eg ra t ion   s t eps   ( a s   i n t ege r s )  
a t  which the user would l ike  the  changes  to  
occur.  Three  such  changes  are  permitted  and 
t h e  i n t e g r a t i o n  s t e p  a t  which each is to  occur  
should be r ight  adjusted i n  columns 61-64 f o r  
t h e  f i r s t ,  65-68 for  the  second,  and 69-72 f o r  
t he  th i rd .  The on-off mechanism is keyed t o  
the   swi tch   for  MAIN (column 31) .  The following 
example w i l l  i l l u s t r a t e  t he  use  o f  t he  above .  
The u s e r  d e s i r e s  t o  t r a c e  t h e  r o u t i n e  c a l l e d  
SUBLYR f o r   t h e   f i r s t   t h r e e   i n t e g r a   t i o n   s t e p s ,  
t hen  t r ace  the  program between t h e  52 and 153 
i n t e g r a t i o n  s t e p s ,  and then  cont inue  the  ca l -  
c u l a t i o n  i n  the  normal mode.  The switch 
s e t t i n g s  would be: 
Columns In t eqe r  
31 1 
48 1 
64 3 
6 7  5 
68 2 
70 1 
7 1  5 
72 3 
This would r e s u l t  i n  MAIN and SUBLYR be ing  t raced  
f o r   t h e   f i r s t   t h r e e   i n t e g r a t i o n .   s t e p s .  The 
tracing sequence would be s h u t  o f f  a f t e r  t h e  t h i r d  
22 
Columns 
61-72 ( c o n t ' d )  i n t e g r a t i o n  s t e p  and would be turned on 
a g a i n  f o r  a l l  r o u t i n e s  a t  i n t e g r a t i o n  s t e p  
number 52. The t r a c i n g  would continue 
through s tep 153 a t  which time it would be 
turned  of f  and the canputat ion would proceed 
normally.  Note that for norma 1 program 
operat ion,  columns 61-72' should be l e f t  blank. 
Control card DreDaration. for PILOT2 is i l l u s t r a t e d  below. 
1 3  (li 1 ~ 0 1 1  3 I 
". - " .. .~ " 
FORTRAN STATEMENT IDENTIFICATION 
k'or this case,  the user prescr ibed  the  Mach number and 
w a l l  t e m p e r a t u r e  r a t i o  a t  3 poin ts  a long  the  body  and is ask ing  for  
1 p r o f i l e   a t  a spec i f i ed  va lue  o f  R e  H e  d e s i r e s  h i s  o u t p u t  i n  
blocks of 50 l i n e s ,  each  l ine  represent ing  1 i n t e g r a t i o n  s t e p .  
e -  
I n  add i t ion ,  he  has  selected Coles form of the  wake 
func t ion  as  s tored  i n  the block data subprogram and has asked the 
program t o  g e n e r a t e  a n  i n i t i a l  v a l u e  o f  VBAR. 
N o  smoothing is  performed on e i t h e r  t h e  e x t e r n a l  or wal l  
input  condi t ions  and a l l  i n p u t  and output is handled i n  English 
system engineering units.  
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I V .  PREPARATION OF PROGRAM I N P U T  DATA 
Program inpu t  follows, a s  c l o s e l y  a s  p o s s i b l e ,  t h e  g e n e r a l  
format used in the forerunner  of these two programs and described 
i n  d e t a i l  i n  R e f e r e n c e  1. Input   data   for   both  programs is pre- 
pared  in  very  much t h e  same way and is described separately below. 
A s  previously mentioned, tSle first card of any set  o f  i npu t  da t a  
must  be a control card and i t s  prepara t ion  is  described i n  
Sect ion 111. This section w i l l  d i s cuss  the remaining input  data  
and its preparat ion.  
* 
Information input  to  t h i s  program i s  f a c i l i t a t e d  by combining 
the  use  of  two s tandard FORTRAN f e a t u r e s ;  a )  block-data  s torage of  
a l a r g e  number of data items which a r e  n o t  changed o f t e n  o r  which 
a re  s t anda rd  fo r  a p a r t i c u l a r  i n p u t  o p t i o n ,  and b )  namelis t  - 
which  p rov ides  g rea t e r  f l ex ib i l i t y  by (1) permi t t ing  only  the  
informat ion  acuta l ly  requi red  to  r u n  a given problem t o  be inpu t  
i n  any order,  and i n  any format, ( 2 )  by provid ing  for  the input  
of  array information in  a simple,  compact  form,  and ( 3 )  by providing 
a pe rmanen t ,  ea s i ly  iden t i f i ab le  r eco rd  of the input .  information.  
A. Input  Requirements  for PILOT1 
Three separa te  ca tegor ies  of  namelist information can be 
suppl ied  to  the  program as  inpu t ,  two of which are always required.  
They a re  d i scussed  below i n  the o r d e r  i n  which they appear i n  t h e  
input-da  ta  pack. 
OVRIDE - This namel i s t  a r ray  is always required and is  used 
f o r  i n p u t  o f  a l l  f r e e - s t r e a m  o r  r e f e r e n c e  c o n d i t i o n s ,  i n i t i a l  
values  of  the dependent and independent variables,  wall  temperature,  
program constants ,  reference lengths ,  ini t ia l  and maximum permit ted 
i n t e g r a t i o n  s t e p  s i z e s ,  t r u n c a t i o n  e r r o r  t o l e r a n c e s  and p o i n t s  a t  
which p r o f i l e s  a r e  d e s i r e d .  
* Reference (1) Schneider, J. and Boccio, J.,"An Inves t iga t ion  of 
t he  High Speed Turbulent Boundary Layer with Heat Transfer and 
Arbi t rary Pressure Gradient ,"  Par t  I I I -Computer  Program Manual, 
NASA CR-1681, October 1970. 
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Consequently, the second card of the input data pack mus t  
always begin with the following format:  
$ OVRIDE 1 ' I a t   l e a s t  one space 
Column 2 3  a 9  
Any o r   a l l  of t h e  above-mentioned i t e m s  may then be loaded beyond 
column 9,  f r e e  f i e l d ,  i n  any o r d e r ,  i n  any  format, and i n  a s  many 
cards  as are  required to  complete  the input  data  requirements  for  
t h e  p a r t i c u l a r  c a s e  of i n t e r e s t .  The d a t a  i s  input  by punching 
i t s  program variable name, an equal siqn, and the  va lue  of  tha t  
v a r i a b l e ,  i n  any  format. Each d a t a  i t e m  must be separated by a 
comma and no a t t e n t i o n  need be paid to spacing between data items, 
between the variable name and equal sign or between the equal sign 
and the  ac tua l  va lue  of the parameter.  
A f e w  addi t iona l  s imple  rules must be observed. 
1. a l l  d a t a  c o n t i n u a t i o n  c a r d s  must s t a r t  i n  column 3 or 
beyond, 
2. no unnecessary blanks are permitted i n  the middle of an 
input  number, 
3 .  t h e  l a s t  i t e m  on each  card ,  except  for  the  las t  i t em on 
t h e  l a s t  c a r d ,  must be a comma, 
4.  input  must be terminated by a $ somewhere a f t e r  t h e  l a s t  
d a t a  i t e m .  
A sample of a t y p i c a l  program input i s  shown below: 
CARD 2 
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CARD 3 
. - _" "1 I . .  FC R T i  L N STATEM.;N:.r IDENTIFICATION 
CARD 5 
F O R T R A N   S T A T E M E N T  
IDENTIFICATION 
FL~l~=0.4664~0.6913~0~~57~~~~2~7S~~.4494~1.7~0~~2.~825~2.36~?~ 
F O R T R A N   S T A T E M E N T  IOENTlFlCATlOH 
CARD 7 
23s 2.34885 . 
-_ 
F O R T R A N   S T A T E M E N T  IDENTIFICATION 
___ 
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Note tha t  ca rds  3 ,  4, 5 and 6 could have been shuffled i n  any 
order with no change . i n  the input  data  received by the program. 
The following l ist  of variables may be input ko t h e  program 
v ia  OVRXDE. Only t h e  f i r s t  group of 9 must always be specif ied.  
Values  for  the remaining are  e i ther  calculated or  are  s tored i n  
block data .  These l a t t e r  may be changed, i f  des i r ed ,  by merely 
including the desired values  anywhere on t h e  OVRIDE input cards 
b e f o r e  t h e  l a s t  $. (Note: - no numeric zeros are ever used i n  any 
var iab le  name i n  t h i s  proqram.)  For a complete description of 
a l l  program synbols the user i s  r e fe r r ed  to  the  t ab le  of symbols 
a t   t h e  end of t h i s  r e p o r t .  
[ :  
UEO - the   f ree   s t ream  or   reference  veloci ty  - 
f t /sec 
PREF - the   f ree-s t ream  orre ference   s ta t ic  
pressure - lb f / in2  
1 REQLO - the  free-stream o r  reference Reynolds 
I number per   uni t   le gth - ft ' l  
These a r e  ! 
required i I 
1 P I 0  - i n i t i a l   v a l u e  of the  Coles wake parameter 
dimensionless 
input  
i n  OVRIDE i PHIBRO - i n i t i a l   va lue   o f   t he   sk in - f r i c t ion  parameter - dimensionless TWALL - the  wall  temperature - R 0 RHOEO . - .  
I 
the free-stream or  reference density - 
slugs/f  t 3  
UEBARO - the  normal ized  in i t ia l  va lue  of ax ia l  
ve loc i ty  I 
1 VBARO - the   normalized  ini t ia l   value of the mass 
i transfer parameter 
2 7  
Input of 
these  i s  
a t  t h e  
choice 
of t h e  
user  
CAY1 
CAY2 
BETA 
ETASTR 
x0 
LREF 
DCHIBR 
CHIMAX 
PHIMAX 
DCIMAX 
ELEl 
ELE2 
ELT 
i CHIBAR 4 ORDRAY 
i XPROFL 
Non-dimensional program cons tan t s  
p r e s e t  i n  block data .  See t h e  t a b l e  
of symbols f o r  d e f i n i t i o n s .  
J 
Reference dimensions preset i n  block 
da ta  - f t .  
Integration package parameters ( i -e . ,  
s t ep  s i zes ,  cu t -o f f  po in t s ,  t runca t ion  
e r r o r  t o l e r a n c e s )  p r e s e t  i n  block data .  
See  symbols t a b l e  f o r  t h e i r  d e f i n i t i o n s .  
- i n i t i a l   v a l u e  of the  independent  variable.  
- a r r a y  of o rde r s  of i n t e r p o l a t i o n   p r e s e t  
i n  block data .  
- p o i n t s   a t  which   prof i les   a re   des i red  - 
dimensional with u n i t s  of ft. only if 
X is  the  spec i f ied  prof i le  parameter .  
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I " 
PRESSR/SPEED/PCOEFF - One of these namelis t  names i s  always 
r equ i r ed  and fo l lows  immedia te ly  a f te r  OVRIDE. The one t o  be used 
depends upon the s e l e c t i o n  made i n  column 20 on the c o n t r o l  card. 
In  any case, 50 va lues  of  the  XE and e i t h e r  PE, UEIN o r  CP, the 
ex te rna l  p re s su re ,  ve loc i ty  o r  p re s su re  coe f f i c i en t ,  r e spec t ive ly ,  
may be input .  A sample of t h e  i n p u t  i s  presented below: 
.___ i l "  
FORTRAN STATEM-ENT i l  IOEMlIFIC~iTiON 
o O O o ~ o - o O o ~ o o O ~ ~ ~ o ~ i i o  : o . o o o o o '0 o o n . o o o "" 
1 3 1  U 39 4 41 42 4 1  44 45 46 41 4 49 $4 51 52 53 5$ 55 56 51 Y 59 ED 61 $2 E3 64 G5 
1 1 1 1 1 1   1 1   l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1  
2 9  
I n  t h i s  case, t h e  control card  would show 
column 20 ---- 1 ( v e l o c i t y   i n p u t   s e l e c t e d )  
2 "" 2 
3 "" 3 
f o r  23 t a b u l a r  p o i n t s  i n p u t  
The program  would then e x p e c t  t o  be given 23 sets of  ex terna l  
c o n d i t i o n s  i n  terms of the v e l o c i t y  as shown above. T h e  one- 
dimensional  arrays of  information which r ep resen t  the coord ina te  
XE, and t h e  v e l o c i t y ,  U E I N ,  are loaded sequent ia l ly  by merely 
i d e n t i f y i n g  the a r r a y  p o s i t i o n  o f  t h e  f i r s t  m e m b e r  of  the group. 
Any r epe t i t i ve  in fo rma t ion  may be handled using a r e p e t i t i o n  
f ac to r  ( an  in t ege r  and a m u l t i p l i c a t i o n  s i g n )  as it would be i n  a 
d a t a  statement o r  i n  s t a n d a r d  FORTRAN a r i thme t i c .  No te  tha t  t he  
U E I N  array could have appeared before the XE a r r ay .  
I f  ex t e rna l  p re s su re  o r  p re s su re  coe f f i c i en t  had  been  the  
inpu t  cho ice ,  co lum 20 would have been set to 0 or  2 ,  r e spec t ive ly :  
the namel i s t  name used would have been PRESSR o r  PCOEFF, r e s p e c t i v e l y ,  
(e.g. ,  $ PRESSR X E ( 1 )  = O . ,  1.0, etc.) and i n  p l a c e  o f  23 values  of 
t h e  v e l o c i t y  t h e r e  would have appeared 23 values  of t h e  p r e s s u r e ,  
p ~ ( 1 )  = nl,  ... n $ o r  23 va lues   o f   t he   p re s su re   coe f f i c i en t  
c p ( 1 )  = ml,  ... m $ -  23 23 
The on ly  va r i ab le s  which can be inpu t  w i t h  PRESSR, SPEED o r  
PCOEFF are : 
XE - the running  coordinate   a long the body i n   f t .  and 
one of the following: 
PE - t h e  e x t e r n a l  pressure d i s t r i b u t i o n  - l b s / i n  
U E I N  - t h e  e x t e r n a l  v e l o c i t y  d i s t r i b u t i o n  - ft /sec 
2 
C P  - the e x t e r n a l   p r e s s u r e   c o e f f i c i e n t   d i s t r i b u t i o n  - 
dimensionless.  
T h e  remaining namelis t  array i s  Blow 1 and i s  r equ i r ed ,  
r e spec t ive ly ,  on ly  when the u s e r  d e s i r e s  t o  u s e  t h e  mass t r a n s f e r  
o p t i o n  i n  t h e  program. 
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If  BLOW^ i s  used (i.e., column 14 is  set t o  z e r o  o r  l e f t  b l a n k )  
the  input  da ta  assoc ia ted  wi th  it is  read immediately after the 
PREsSR, SPEED or PCOEFF input  data  is  read. A sample of t h i s  i n p u t  
i s  presented below: 
3 1  
I n  t h i s  c a s e ,  t h e  c o n t r o l  c a r d  would show: 
column 18 1 ~~ ~ 
f o r  10 t a b u l a r  p o i n t s  i n p u t  
19 0 
14 0 - mass t r ans fe r   op t ion   s e l ec t ed  
The program could then expect to be given 10 sets of mass t r a n s f e r  
parameters as shown above.  Note t h a t  t h e  c o o r d i n a t e  which s p e c i f i e s  
a x i a l  l o c a t i o n  f o r  mass t ransfer  information need not  be the same 
a s  t h a t  used to  spec i fy  the  ex te rna l  cond i t ions .  
The only  var iab les  which can be  input  wi th  BLOW 1 a re :  
xw - the  running  coordinate  along  the body - 
i n  f t .  
VBARIN - t h e  mass t ransfer   parameter .  
The l a s t  i t e m s  of the input  data  pack are  three cards  which 
may be  used  for  case  ident i f ica t ion .  U p  t o  80 h o l l e r i t h  c h a r a c t e r s  
may be punched on each  card  and  the i r  conten ts  a re  pr in ted  on t h e  
f i r s t  page of  the output .  I f  less  than three cards  are  required 
for  ident i f ica t ion  purposes ,  b lank  cards  must be  in se r t ed  to  make 
up the  d i f f e rence .  
B.  I npu t  Requirements  for PILOT 2 
Again,  as i n  P I L O T 1 ,  t h ree  sepa ra t e  ca t egor i e s  of namelis t  
information make up the  input   data   pack.  PILOT2, however, 
- are   requi red .  I n  add i t ion ,   e f fo r t   has   been  made i n  PILOT2 t o  keep 
all input information i n  normalized form wherever possible. 
OVRIDE - This  namelis t  array serves  exact ly  the same func t ion  
i n  PILOT2 t h a t  it d id  i n  PILOT1 bu t   i nc ludes  some a d d i t i o n a l  
parameters  and  renames some o the r s .  The following l i s t  of v a r i a b l e s  
may be   input   to  PILOT2 v i a  OVRIDE. Those q u a n t i t i e s  which a r e  
always required are denoted separately as before:  
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REQLO - t he   i n i t i a l   f r ee - s t r eam  o r   e f e rencs -Rey   o lds  
These  ar Number per u n i t  l ength  - f t ' l   o r  meters ? 
always 
requi red  
i n p u t  t o  
- . t h e  f r e e - s t r e a m  o r  r e f e r e n c e  t o t a l  a t  t h e  i n i t i a l  
s ta t ion   t empera ture  - OR o r  0 K. 
OVRIDE i E*o - the  f ree-s t ream Mach Number. TWALLO - t h e  w a l l  t e m p e r a t u r e  a t  t h e  i n i t i a l  s t a t i o n  - OR o r  OK. 
LREF reference  dimensions  preset  i n  
XOL block data .  
P I0  , P H I 0  , 
UEBARO , i n i t i a l  v a l u e s  of the dependent and independent  var iables  preset  i n  block 
d a t a .  ETLDAO; , VBARO , 
CHIBARO , C H I 0  
Input of 
t hese  is 
a t  t h e  
choice of 
t he  user. 
CAY1,  CAY2, 
CAY3,  CAY3, 
CAY5 , BETA 
ETASTR, GAMA 
PH IMAX 
CHIMAX 
DCIMAX 
DCHIBRO 
VPMIN 
ELT 
ELE 1 
ELE 2 
non-dimensional program constants 
p r e s e t  i n  block data .  
7 
integration package parameters 
( i . e . ,  i n i t i a l  and maximum step s i z e s ,  
> t runca t ion   e r ro r   t o l e rances )  and  pro- 
gram c u t - o f f  t e s t  q u a n t i t i e s  - a l l  
p r e s e t  ' i n  block data.  
1 
ORDRAY - ar ray   conta in ing   the   o rders  of t h e  inter-  
p o l a t i a n  p r e s e t  i n  block da ta .  
f XPROFL - p o i n t s   a t  which p r o f i l e s   a r e   d e s i r e d  - 
a l l  non-dimensional. 
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MACH - this  namelist  array  supplies  external  conditions  to 
PILOT2  in  the  form  of  the  external  Mach  Number,  EMEIN, as a
tabular  function of normalized  axial  distance, XEL (normalized 
with  respect  to LREF). Up to and  including 50 pairs of the  above 
may be input  via MACH; a  sample is shown  below: 
" ~" 
FORTRAN S1 A T  E M E N "  IOENTIFICATWN 
"~ " _. -. - "" .. -. - - - "" . "_ _- "" - ." . - . " " "" __- 
0 0 0  0 0 0 '  0 0  0 0    0 0  0 0 0 0 0 0  0 0 0 0 0  . o o  0 0 0 0 0 ,  
12 13 I4 I5 16 I1 IS 19 20 21 22 23 24 11 26 21 2J 29 1 3 1  32 31 W 15 X I7 30 39 Io 41 4 ?  43 44 45 4G 41 48 19 50 51 52 53 Irl 55 56 51 58 59 60 
1 1 1 1 1 1 1 l l l l l l l l l l l l l l  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  
In t l i ' i h  case  the  control  card  would  show: 
Column 3 6 - for 6 tabular points input. 
The  program  would  then  expect  to  find 6 sets  of  external  conditions 
to be input  as  shown  above.  Note:  only XEL and  EMEIN  may be input 
with  namelist MACH. 
TWTABL - this  namelist  array  supplies  wall  conditions  to 
PILOT2  in the  form  of  the  wall-to-free  stream  total  temperature 
ratio,  TWTTEN,  as  a  tabular  function  of  normalized  axial  distance, 
XTWL, again  normalized  with  respect  to  LREF. As before, up to  and 
including 50 pairs of data  may be input. A sample is shown  below: 
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I n  t h i s  c a s e ,  t h e  c o n t r o l  c a r d  would ind ica t e :  
column 19 3 - f o r  the 3 t abu la r   po in t s   i npu t .  
The program would then expect t o  f i n d  3 sets of  wal l  condi t ions 
t o  be i n p u t  a s  shown above.  Note:  only XTWL and TWTTEN may be 
input  v ia  namel i s t  TWTABL. The user  should  a l so  note  tha t  TWTTEN 
and EMEIN may be d i f f e ren t  func t ions  o f  ax ia l  d i s t ance  ( i . e . ,  t he  
ax ia l  coord ina te s  may be  spec i f i ed  by a d i f f e r e n t  number of po in t s  
and a d i f f e r e n t  f u n c t i o n  for  each) .  
Input  for  PILOT2 is  terminated in  exact ly  the same manner 
a s  PILOT1, i .e . ,  w i th  th ree  ca rds  which may be used for  case 
ident i f ica t ion .   Thei r   format  i s  exac t ly  a s  i nd ica t ed  for  PILOTL 
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w 
m 
COLUW 
" 
IDENTIFICATION 
1 NO. of loo's [ N O .  of  external 
2 NOXPTS  No. of 10's 4 c o n d i t i m   p t s .  
3 NO. of 1's . which a r e  to be 
i input  
4 NO. of 100's I NO. o f   p t s .  a t  
5 NPRFPT No. of 10's which p r o f i l e s  
6 No. of 1's are   des i red  ' 
7 
8 NINTPT No. of 10's : gra t ion   s t eps  
! cent   l ines   o f  
i pr in tou t  
i 
NO. of 100's ( NO. of  inte- 
9 No. of 1's { between adja- 
10 
11 KTEST NO. of 1 0 ' s  ' of p r i n t o u t   i n  No. of 100's ! No. o f   l i nes  
12 No. o f  1's ( each   pr in t  
block 
1 3  0 - Wake parameter - 6#-4r)' (COLES) 
1 - se l ec t ion  - 1 cos nr) 
2 - with mass . - 39q3-125ga etc. 
1 - no mass t r ans fe r  1 4  0 - t r ans fe r  
15 0 - no smoothing ( VBARIN ) 
1 - with smoothing 
16 0 - P r o f i l e s  a t  s p e c i f i e d  x 
1 - " 
2 - 8 ,  'I R e  Req 
l7 I No. of 100's No, of mass t r ans fe r  da t a  18 NXWPTS  No. of 10's which a r e  
! input  
19,j No. of 1's 
20 0 - Pe(x)  
1 - U E I N ( X )  Ex terna 1 
2 - C P ( X )  Condition 
Opt ion 
21 Not used i n  
2 2 ,  ! t h i s  prograi.. 
I 
CONTROL CARD TABLE - PILOT1 
COLUMN IDENTIFICATION 
23 0 - Default  - Do nothing 
- " - -_ - - -- 
1 - Stop  af te r  pr in t ing  a sho r t  
block of  s ize  KTEST 
24 Not used  in  th i s  program 
25 0 - no smoothing (UEIN) 
1 - with smoothing 
26 Not used  in 
27 3 t h i s  program 
28 0 - Bypass 'INTGRL' - Use block 
data  values  of INT 
1 - Calculate INT v i a  sub.INTGF& 
29 0 - D o  nothing 
1 - Stop  a f t e r  p r in t ing  edge 
condition information 
30 0 - ITEXT = 0 Do nothing 
f o r   s i z e  
changes 
1 - I T M T  = 1 - Trace reasons 
31 Dump Switch  for M A I N  
32 Dump Switch  for FUNCT 
33 Dump Switch  for PROFIL 
34 Dump Switch  for PRFILE 
35 Dump Switch  for COEFFS 
36 Dump Switch  for GETFS 
3 7  Dump Switch  for LMDA 
" 
COLUMN 
38 
39 
40  
41 
42 
43 
44 
45  
46 
47 
48  
49 
50 
51  
52 
53 
54 
55 
56 
5 7  
58 
59 
60 
6 1  
62  
63 
6 4  
65 
66 
67  
68 
69 
70 
7 1  
7 2  
IDENTIFICATION 
Dump Switch for GETQS 
Dump Switch for BOUNDE 
Dump Switch for DERSUB 
Dump Switch for BLPROP 
Dump Switch for INTGRL 
Dump Switch for INIT2 
Dump Switch for  DATPRP 
Dump Switch for INPUT 
Dump Switch for CHSUB 
Dump Switch for TRAPIN 
NOT 
USED 
I N  
THIS 
PROGRAM 
NOT 
USED 
I N  
'THIS 
No. o f  1000's 
No. of 100's 
No. of 10's 
No. of 1's 
No. of 1000's 
No. of 100's 
No. of 10's 
No. of 1's 
No. of 100's 
No. of 100's 
No. of 10's 
No. of 1's 
PROGRAM 
F i r s t  i n t e g r a t i o n  
s t e p   a t  which t r a c e  
sequence is to change 
Second integrat ion 
s t e p   . a t  which t r ace  
sequence is t o  change 
Third integration 
s t e p   a t  which t r ace  
sequence is to c h a n y  
I 
CONTROL CARD TABLE - PILOT 2 
COLUMN 'IDmIFICATION 
1 No,. of  100's 
3 
2 NOXPTS  No. of 10 ' s  
4 
5 NPRFFT  No. .of 10 ' s  
6 No. of 1's 
7 No. of 100's 
8 NINTPT NO. Of 10 ' s  
9 No. of 1's 
No. of 1's 
NO. Of 100's 
10 NO. Of 100'8 
11 KTEST No. of 10 's  
12  No. of 1's 
which p r o f i l e s  
re desired 
No. of inte-  
grat ion s teps  
between acija- 
cen t  l ines  of 
No. of l ines  
of   pr intout  i n  
each p r i n t  
lock 
13 PI) Hake Parameter I fqt- :< 
14 0 - -0 is  input  
1 Selection - 3 4  123q* e tc .  
1 - Leading edge problm - VBARO 
calculated interpal ly  
15 0- No smoothing 
1 - With Noothing (=IN) 
16 0 - P r o f i l e s  a t  s p e c i f i e d  x/L 
1 - P r o f i l e s  a t  s p e c i f i e d  R e  
2 - P r o f i l e s  a t  s p e c i f i e d  Rex e 
17 
18 NXK~TS No. of 10 ' s  
19 No. of 1's 
Used i n  t h i s  Program 
22 
:OLWN 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
IDENTIFrCATION 
0 - Do nothing (default)  
1 - Stop  af te r  pr in t ing  
Not used 
a short  block 
0 - NO Smoothing (TWTl'Ri) 
1 - With Smonthing 
0 - Wglish-System Units 
1 - S. I. Units ( INPW 
0 - m g l i s h  Syetem Units 
1 - S. I. Units (OUTPUT) 
0 - Bypass 'INTGRL' - U s e  Block Data 
n l u e s  of INT 
1 - Calculate IPtT via Subr. INTGRL 
0 - Do nothing 
1 - Stop after printing edge condition 
information 
0 - ITEXT = 0 Do nothing 
1 - ITEXT = 1 Trace reasons for step 
s i z e  changes 
Dump switch for M A I N  
Dunp switch for FUNCT 
Dump switch for PROFIL 
DUIIP switch for PRFILg 
Dump switch for COEFFS 
Dunp switch for GETFS 
Dmp switch for LMDA 
CoLm -
38 
39 
40 
41 
42 
43 
44 
45 
46 
.47' 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
60 
59 
62 
61 
63 
64 
65 
66 
67 
68 
69 
70 
72 
7 1  
IDENTIFICATION 
Dump switch for GETQS 
Dmp switch for BOUNDE ' 
Dump switch for DERSUB 
Dump switch for BLPROP 
Dunp switch for INTGRL 
Dunp switch for INIT2 
Dmp switch for Not Used 
Dunp switch for INPUT 
Dmp switch for CHSUB 
Dump switch for TRAPIN. 
Dunp switch for SUBLYR 
Dump switch for PARDRV 
Dump switch for VSTART 
Dump switch  for Not  Used 
Dump switch for UNITS 
Dmp switch for FPRM 
Not U s e d  i n  This Program 
1 
I 
No. of 1000's 
No. of 100's 
No. of 10's 
No. of 1's 
No. of 1000's 
No. of 100's 
No. of 1 0 ' s  
No. of 1's 
No. of 1000's 
No. of 100's 
No. of 10's 
No. of 1's 
i 
I 
First integrat ion 
s t e p   a t  which t race  
sequence is t o  change 
Second integrat ion 
s t e p   a t  which t race  
sequence is  t o  change 
V. .PRE-SET  DEFAULT DATA 
Both the PILOTl  and PILOT2 programs, l i ke  their  pre- 
decessors of Reference 1, contain stored data which have been 
p re - se t   a t   compi l a t ion  t i m e .  These  data  include  program  con- 
s t a n t s ,  test  parameters against  which program computed quantit ies 
a r e  c o n t i n u a l l y  b e i n g  t e s t e d ,  t r u n c a t i o n  e r r o r  t o l e r a n c e s  u s e d  
for  the  dependent  var iab les  dur ing  in tegra t ion  and .  in i t ia l  va lues  
for the dependent and independent variables and reference 
dimens ions which are h e l p f u l  i n  preparing program input par- 
t i c u l a r l y  when mul t ip l e  cases  a re  to  be  run .  
Since the block data subprogram i s  s l i g h t l y  d i f f e r e n t  f o r  
PILOTl  and PILOT2 t h i s  s e c t i o n  o f  t h e  manual has  a lso been 
sepa ra t ed  in to  two p a r t s  which descr ibe the contents  of  block 
data for each program. 
A .  BLOCK DATA SUBPROGRAM - PILOTl 
The f i r s t  group of  these data  are d imens icn less  cons tan ts  
some of  which  a re  typ ica l  of t u rbu len t  f l o w s .  
CAY1 
CAY2 
BETA 
ETAST R 
P I E  
DBDVTW 
= 0.4115  constants   associated  with  the  zero 
mass t r a n s f e r  c a s e  i n  t h e  e q u a t i o n  f o r  
= 4.90 the  law-of-the-wall 
= .018 a parameter   used   in  the   descr ip t ion   of   the  
incompressible  eddy viscosi ty  
= 0.5 a percentage  value of the   incompressible  
boundary layer height where the C l a u s e r  eddy- 
v i s c o s i t y  :node1 is assumed t o  a p p l y  
= 3.14159 t h e   u n i v e r s a l   c o n s t a n t  
= 0.25 the   cons t an t   va lue   o f  t he   de r iva t ive  of 
p (G ) used in the working form of t h e  
v e l o c i t y  profile r e l a t i o n s h i p  
W 
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me next group of pre-set  information contains tes t  
parameters against which program computed quantities are being 
compared.  These a re :  
PHIMAX 
3 = 10 t h e  maximum permit ted  value  of   the  skin 
fr ic t ion  parameter .   Should  this   value  be 
exceeded,  the program prints  an error  
message ,  pr in ts  the  conten ts  of the output  
array,  and any profiles which have been 
requested,  and then proceeds t o  the next  
case.  
C.HIMAX 8 = 10 The maximum permit ted  value  of   the  s t ream- 
w i s e  Reynolds number. Should t h i s   v a l u e   b e  
reached i n  the course of the computation, 
the  output  a r ray  is p r i n t e d ,  any p r o f i l e s  
requested up t o  t h a t  p o i n t  a r e  p r i n t e d  and 
the  program p r i n t s  a message ind ica t ing  case  
completion. The program  then r e t u r n s  t o  t h e  
inpu t  s ec t ion  and tests t o  s e e  i f  d a t a  f o r  
another  case is present .  
= .0001 as  the  blowing  oes t o  zero ( i - e .8  1 vw I 0 ,  ry 
cer tain of  the equat ions used i n  t he  computa- 
t i o n  become indeterminate.  One may, i n  genera l ,  
f i n d  t h e i r  l i m i t i n g  forms by the  appl ica t ion  of  
L 'Hopitals  Ru le .  These  limiting  forms of the  
r e l a t ionsh ips  a re  inc luded  in  the  program and 
a re  used  i n  t h e  c a l c u l a t i o n  when the blowing 
a s  determined by I - 'p2 1 goes  below t h i s  
a r b i t r a r y  c u t o f f  v a l u e ,  VPMIN. 
A 
w 
VPM I N  
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DCIMAX 
7 = 10 the   abso lu t e   va lue   o f  t he  maximum s t e p   s i z e  
t h a t  t h e  i n t e g r a t o r  is  permi t ted  to  use .  
The nex t  g roup  o f  s to red  da ta  cons i s t s  of i n t e g r a t i o n  
package tolerances and parameters and orders of t h e  i n t e r p o l a t i o n s .  
E L E l  - the  one-dimensional  array  of 3 values ,   one 
corresponding to  each of  the 3 dependent 
v a r i a b l e s ,  which is  the upper  bound of  the  
l o c a l  r e l a t i v e '  t r u n c a t i o n  e r r o r  f o r  t h e  
r e spec t ive   dependen t   va r i ab le s .   I f   t he   e r ro r  
for  any  var iab le  exceeds  i t s  r e spec t ive  E L E l  
ELE2 
ELT 
value,  the computing interv'al  i s  halved  and 
t h e  i n t e g r a t i o n  r e s t a r t e d  a t  t h e  b e g i n n i n g  o f  
t h e   p r e - s e n t   i n t e r v a l .   I f   t h e   e r r o r   f o r   a l l  
t h e  v a r i a b l e s  is less than 1 /128  o f  t h e i r  
r e spec t ive  E L E l  va lues ,  the  comput ing  in te rva l  
is doubled  for  the  next  in tegra  t ion  s tep .  The 
pre-se t  va lues  of  the  ELEl  a r r a y  a r e  shown 
below. 
the one-dimensional array of 3 values which 
represent  a " r e l a t i v e  z e r o "  f o r  t h e  r e s p e c t i v e  
dependent   var iable .  If the   absolu te   va lue   o f  
any of the dependent 'variables is less than 
i ts  r e spec t ive  ELEZ v a l u e ,  t h e  r e l a t i v e  e r r o r  
c r i t e r i o n  f o r  t h e  v a r i a b l e  w i l l  not be applied.  
The p re - se t  va lues  fo r  t he  ELEZ a r r a y  a r e  a l s o  
shown below. 
A one dimensional array of values supplied by 
the  use r  and used by t h e  i n t e g r a t o r  t o  r e t u r n  
con t ro l  t o  the  main program during the course 
of  the  in tegra t ion .  This  mode o f  con t ro l  is 
not used i n  t h i s  program. 
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DEPENDENT 
VARIABLES 
NINTPT 2 
ORDRAY - 
- - ELEl  VALUE  ELE 2 
MEM,BE.R  ME-MBE,R, 
- - VALUE 
A user i n p u t  which specifies the number of 
i n t e g r a t i o n  steps between adjacent l i n e s  of 
p r i n t  o u t  the user desires. U n l e s s  changed, 
N I N T P T  is se t  t o  1, i . e . ,  every in t eg ra t ion  
s tep  is p r in t ed .  
The 16 element a r r a y  which con ta ins  va lues  for  
the orders of i n t e rpo la t ion  which a re  performed 
i n  var ious  port ions of the program. O n l y  the 
f irst  eight  of these a r e  used i n  P I L O T 1 .  Their 
v a l u e s  and the rout ines  they are  used i n  a r e  
tabula ted  below. 
0.RDRAY VALUE  ROUTIN WHAT I S  BEING 
.ELEMENT NO. WHICH  USES I T  COMPUTED & INTERPOLATED 
1 2 LAGDER i n  'DATPRP ' (DVWDX) 
2 2 LAGDER i n  ' DATPRP I (DPEDX) 
3 
4 
5 
2 LAGDER 
2* LGRANG 
1 LAGR ; 
i n ' D A T P R P ' ( D U E D X )  
i n  BOUNDE ' ( FETCH1 ) 
i n ' G E T F S ' ( W E S T R )  
6 2" LGRANG i n ' P R F I L E ' ( A N S R X )  
7 1 LAGR i n  FUNCT ' ( ETA) 
8 2* LGRANG i n  I BOUNDE ( FETCH2 ) 
* NOTE:  LGRANG requires the number of  po in ts  used i n  the  interpola- 
t i o n  ( i . e . ,  the order + 1) rather than the order. 
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The next group of pre-set data contains a l l   t h e   i n i t i a l -  
iz ing information.  
DCHIBR 
CHIBAR. 
x0 
LREF 
VBAR -3 DVWDX 
YSPLSI 
= 500. t h e   i n i t i a l   i n t e g r a t i o n   s t e p   s i z e   f o r   t h e  
independent  var iab le  CHIBAR. 
= 0. the  independent   var iable   used i n  t h e   i n t e g r a t i o n .  
e O . f t .  t h e  i n i t i a l  value of   the   ax ia l   coord ina te .  
= l . f t .  the   re fe rence   l ength .  
= 0. t he  va lues  o f  t he  b lowing  in  the  phys ica l  p l ane  
a r e  a l l  p r e - s e t  t o  z e r o  a s  a r e  t h e i r  d e r i v a t i v e s .  
= 10.6 the  value  of   the  incompressible   Reynolds  number 
based upon shea r  ve loc i ty  and sublayer  height .  
The l a s t  item i n  the block data subprogram is the  conten ts  
of  the  3-d imens iona l  a r ray  which  s tores  the  resu l t s  of  the  quadra ture  
in t eg ra t ion  o f  
Th i s  i n t eg ra l  is computed using Coles Wake  Law, i.e.8 
The program uses  these resul ts  i n  the course of the  
computa t ion  fo r  eva lua t ing  the  coe f f i c i en t  o f  t he  ma t r ix  o f  o rd ina ry  
d i f f e r e n t i a l  e q u a t i o n s  u n l e s s  otherwise requested to do so b y . t h e  
user .  
42 
B.  LOCK  DATA  SUBPROGRAM - P I L O T 2  
This f irst  group of  pre-set  constants  is  i d e n t i c a l  to  
those  of P I L O T 1  wi th  some addi t ions .  
CAY 1 zero mass t r ans fe r   cons t an t s  
CAY 2 = 4.90 i n  the law of the w a l l   r e l a t i o n .  
CAY 3 = 198.6 cons tan ts   assoc ia ted  w i t h  t he  form 
CAY 4 = 331. {of Suther land ' s  Law used i n  this 
CAY 5 = 397.2  program. 
The rema in ing  cons t an t s  i n  th i s  g roup  a re  iden t i ca l  t o  those  of 
P I L O T 1 .  
BETA * .018 I P I E  = 3.14159 
ETASTR = 0.5 , DBDVTW = 0.25 
The next groupI which contains the pre-set  values of 
t h e  t es t  parameters  against  which program generated quant i t ies  
a r e  b e i n g  compared i s  i d e n t i c a l  to t h a t  of P I L O T 1  and is: 
PHIMAX , 'MIMAX = 10 = 10 
VPMIN = .0001 , DCIMAX = 10 
3 8 
7 
The next group i n  P I L O T 2  conta in  in tegra t ing  parameters  
and i n t e g r a t i o n  t o l e r a n c e s  and  orders  of  interpolation.  These  are:  
ELE 1 I these one-dimensional arrays now - conta in  8 values   corresponding  to   the E L E 2  8 dependent   var iables  i n  P I L O T 2  
The t a b l e  o f  t h e s e  is shown below: 
I 
A s  i n  PILOT1,the ELT a r r a y  is not used i n  t h i s  program. N I N T P T  a s  
i n  PILOTl  is set t o  1 unless changed by the user .  
ORDRAY =! 10 elements of t h i s  16 element a r r ay  a re  a s s igned  
f o r  u s e  i n  P I L O T 2  to  t r a n s m i t  i n s t r u c t i o n s  t o  t h e  
i n t e r p o l a t i n g  r o u t i n e s  : where poss ib l e  the  a r r ay  
elements have been maintained consistert  with their  
u s e  i n  P I L O T l .  The va lues  and  usage a r e  t a b u l a t e d  
below. 
VALUE 
2 
2 
2 
2*  
1 
2* 
1 
2*  
1 
1 
ROUTINE 
WHICH  USES I T  
LAGDER 
LAGDER 
NOT  USED 
LGRANG 
LAGR 
LGRANG 
LAGR 
LGRANG 
LAGR 
LAGR 
WHAT I S  B E I N G  
COMPUTED & INTERPOLATED 
by ' I N P U T  ' (DMEDX) - 
by ' INPUT' (DTWDX)  
by 'BDUNDE' (FETCH1)  
by ' GETFS ' (WESTR) 
by ' P R F I L E '  (ANSRX) 
by ' F U N C T ' ( E T A )  
by ' B U N D E ' ( F E T C H 2 )  
by I I N I T 2  ' (EME) 
by ' I N I T 2 ' ( T W T T E )  
* NOTE: LGRANG r equ i r e s  the  number of points  used i n  t he  
in t e rpo la t ion  r a the r  t han  the  o rde r .  
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. . 
The n e x t  g r o u p  o f  d a t a  c o n t a i n s  t h e  i n i t i a l i z i n g  
information and is  
LREF 
XOL 
DCHIBRO 
CHIBARO 
Y SP LUS 
UEBARO 
ETLDAO 
P H I 0  
P I O  
CHI0 
= 1. f t .  
= 0. 
= 500. 
= 0. 
= 10.6 
= 1.0 
= 1.0 
= 15.0 
= 0.6 
= 0. I 
The l a s t  
composed o f :  
the  re ference  length  
no rma l i zed  in i t i a l  l oca t ion  fo r  t he  
s t a r t  o f  t h e  c a l c u l a t i o n  
the i n i t i a l   s t e p   s i z e  i n  CHIBAR used 
by t h e  i n t e g r a t o r  
t h e  i n i t i a l  v a l u e  o f  t h e  i n d e p e n d e n t  v a r i a b l e  
the value of the incompressible Reynolds 
number based on shea r  ve loc i ty  and sub-layer 
h e i g h t  and used a s  a n  i n i t i a l  g u e s s  f o r  
computing YSPLUS 
i n i t i a l  v a l u e s  o f  t h e  ' 
dependent variables used 
unless  o therwise  spec i f ied  
i t e m  i n  t h e  B L O a  DATA Subprogram of PILOT2 
i s  the  same a s  t h a t  i n  PILOT1,  i .e . ,  the  conten ts  of  the  three-  
d imens iona l  a r ray  which  s tores  the  resu l t  o f  the  quadra ture  
i n t e g r a t i o n  f o r  I N T ( P , Q , R ) .  A summary of  th i s  pre-se t  in format ion  
f o r  PILOT1 and PILOT2 is presented  for  easy  re ference  a t  the  end 
o f  t h i s  r e p o r t .  
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V I .  ERROR MESSAGES 
These programs have been constructed in a manner S i m i l i a r  t o  
their  p redecesso r  desc r ibed  in  de t a i l  i n  Refe rence  1, i .e . ,  each 
h a s  a sub rou t ine  ca l l ed  "ERROR" which p r i n t s  a message t o  the u s e r  
should t rouble  develop in  the normal  course of  a computation. 
These messages a r e  d e s i g n e d  t o  be a s  in fo rma t ive  a s  poss ib l e  and 
i n d i c a t e  
a )   a n   e r r o r  number which  zorresponds  to  an 
e r ro r  message  desc r ibed  in  th i s  s ec t ion  
b)  wha t   sub rou t ine   ca l l ed   t he   e r ro r   ou t ine  
c )  the  current   numerical   value  of   one  or  two 
key program variables involved i n  the 
computation. 
"Error"  may b e  c a l l e d  by any program rout ine and has  i t s  own s e t  
of program termination logic.  
A l l  e r r o r  messages i n  PILOT1 and P I L O G  a r e   f a t a l ,  i . e . ,  
the p r e s e n t   c a l c u l a t i o n  i s  terminated.  The terminat ion  procedure 8 
is as  fo l lows:  
a )   Subrout ine  "OUTPUT" is c a l l e d  and p r i n t s   t h e   p r e s e n t  
contents  of  the output  array.  This  array w i l l  c o n t a i n  t h e  r e s u l t s  
o f  a l l  t h e  c a l c u l a t i o n s  f o r  a l l  t h e  i n t e g r a t i o n  s t e p s  s i n c e  t h e  
l a s t   p r i n t e d   b l o c k .  
b)  Subroutine "PRFILE" i s  ca l l ed .   Th i s   rou t ine  is  t h e  f i r s t  
of  the prof i le-generat ing sequence of  rout ines  and checks to  see i f  
any of t h e  p o i n t s  a t  which p r o f i l e s  may have been requested l i e  
wi th in  the  present  ou tput  a r ray  range .  If any  poin ts  a re  i n  t h e  
t a b l e  r a n g e , p r o f i l e s  f o r  these remaining points  are  generated along 
wi th  p ro f i l e s  a t  t he  ve ry  l a s t  comple t e  in t eg ra t ion  s t ep : ,  and a l l  
a r e  P r i n t e d .  The program i s  t h e n  d i r e c t e d  t o  r e t u r n  t o  s u b r o u t i n e  
"MAIN" where i n t e r n a l  program  switches  are reset and new inpu t  da t a  
are  sought. 
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The fo l lowing  t ex t  desc r ibes  the error  messages,  indicates  
whether   they  are  common t o  b o t h  PILOT1 and PILOT2, i n d i c a t e s  t h e  
rou t ines  which c a l l  t h e m  and desc r ibes  the information they contain:  
ERROR 
NUMBER DESCRIPTION 
50 Cal led from subrout ine  ' M A I N ' .  This   error   has  
occur red  in  the integrat ion package,  subrout ine 
' I N T l A ' .  'ERROR' p r in t s   t he   i n t eg ra t ion   package  
e r r o r  i n d i c a t o r ,  IERR which i n d i c a t e s  
a )  t h a t  t h e  ELT t a b l e  was not monotonic 
( IERR = 2 )  
b)  that  t runcat ion error  problems have 
developed in  I N T l A  
( I E R R  = 3 o r  4 )  
In  add i t ion ,  'ERROR' p r i n t s  t h e  l a s t  v a l u e  o f  t h e  
independent  var iab le  CHIBAR, t o  i n d i c a t e  t o  t h e  
use r  how far the computation had progressed before 
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t rouble   developed.  The program  then  terminates  as 
described  above.  This  error  message i s  common t o  
both P I L O T l  and P I L O T 2 .  
Called  from  subroutine 'MAIN'.  The s k i n   f r i c t i o n  
parameter,  q, has exceeded the maximum value  per -  
mi t ted ,  i .e . ,  P H I  > PHIMAX. ( U n l e s s  otherwise 
changed by the  use r ,  t he  p re - s to red  va lue  fo r  
PHIMAX = 1000. ) The ERROR r o u t i n e  p r i n t s  t h e  l a s t  
computed v a l u e  f o r  P H I  and t h e  l a s t  v a l u e  o f  t h e  
i n t e g r a t i o n   s t e p   c o u n t e r ,  I I N T R L .  The program  then 
te rmina tes   in  the s tandard  mode. This error  message 
is a l s o  common to both P I L O T l  and PILOT2 . 
- 
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5 3  
DESCRIPTION 
This  error  message is c a l l e d  from subrou t ine  ' INPUT'  
i n  b o t h  PILOTl and P I L O T 2 ,  and is generated by t h e  
da ta   smooth ing   rou t ine   ca l led  'SMOOTH'. 1 t . a lways  
r e s u l t s  from supplying the data  smoothing rout ine 
w i t h  too few p o i n t s  ( i . e . ,  the minimum number i s  3 )  
fo r   t he   l ea s t - squa re   ca l cu la t ion .  ERROR p r i n t s  t h e  
va lue  of  the number o f  p o i n t s  i n p u t  t o  'SMOOTH', 
NXWPTS, then  terminates  the ca l cu la t ion .   No te   t ha t  
i n  PILOTL NXWPTS r e p r e s e n t s   t h e  number of   po in ts  
i n p u t  t o  t h e  t a b l e  of VBAR v s  XW s i n c e  t h e  mass 
a d d i t i o n  is a phys i ca l   i npu t .   I n  PILOT2 , s ince  
mass add i t ion  i s  no t  done  in  the  phys ica l  p l ane ,  
NXWPTS r e p r e s e n t s  t h e  number of p o i n t s  i n p u t  to  t h e  
tab le  of  wal l  t empera ture  versus  x ,  i .e. , TWTTEN v s  
XTWL . 
This error message i s  a l so  gene ra t ed  by subroutine 
'SMOOTH' b u t  i s  c a l l e d  from the  da t a  p repa ra t ion  
r o u t i n e ,  DATPRP , i n  P ILOTl  and  from ' I N P U T '  i n  . 
PILOT2. A s  above, it a lways   resu l t s  from supplying 
the smoothing routine,  with less than 3 p o i n t s  f o r  
i ts  least-square  computation.  In this case ,  'ERROR' 
p r i n t s  the va lue  of  NOXPTS, t he  number of  po in ts  
i n p u t  t o  'SMOOTH' and  then  te rmina tes  the  ca lcu la t ion .  
In  P I L O T l  NOXPTS r e p r e s e n t s   t h e  number of   input  
p o i n t s  t o  t h e  e x t e r n a l  v e l o c i t y  t a b l e ,  UE.IN v s  XE, 
whi le  i n  PILOT2.  NOXPTS s i g n i f i e s  t h e  number of 
e x t e r n a l  Mach number po in t s  which have been input, 
i . e . ,  EMEIN v s  XEL. 
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D E S C R I P T m  
T h i s  error message is c a l l e d  from subrout ine  
'INTGRL' and is  generated by t h e  s e r v i c e  r o u t i n e  
which per forms quadra ture  in tegra t ion ,  ' T R A P I N ' .  
I n  this case ,  ' T R A P I N '  is  c a l l e d  upon t o  e v a l u a t e  
t h e   i n t e g r a l ,  I N T ( E T A ,  P ,  Q )  = v[W(v)]P[-Lnv]Qdq 
by quadratures   using the  t r apezo ida l   ru l e .  I f ,  i n  
. the  a t t empt  to  pe r fo rm th i s  i n t eg ra t ion  to  wi th in  
JO 
a r e l a t i v e  e r r o r  o f  .0001, 50 i t e r a t i o n s  a r e  
exceeded, ERROR p r i n t s  a message t o  t h a t  e f f e c t  
a long with the l a s t  v a l u e  o f  t h e  i n t e g r a l  and t h e  
number of i t e ra t ions   per formed.  The program  then 
terminates  i n  t he   s t anda rd  mode. This e r r o r  is  
common t o  b o t h  P I L O T l  and PILOT2. 
Th i s  e r ro r  message i s  c a l l e d  from 'DERSUB'  , t h e  
r o u t i n e  which ca l cu la t e s  t he  de r iva t ives  used  by 
the  integrat ion  package,   ' INTlA' ,   and is common 
t o   b o t h  P I L O T l  and PILOT2.  The message ind ica t e s  
t h a t  t h e  m a t r i x  o f  c o e f f i c i e n t s  o f  t h e  d i f f e r e n t i a l  
equat ions which has  been presented to  the service 
r o u t i n e  'SIMQ' fo r   i nve r s ion  i s  s ingu la r .  The e r r o r  
r o u t i n e  p r i n t s  t h e  v a l u e s  o f  t h e  s k i n  f r i c t i o n  
parameter,  P H I  and the  va lue  o f  t he  in t eg ra t ion  s t ep  
counter  I I N T R L .  E r ro r   t hen   p r in t s   t he   con ten t s   o f  
t h e  c o e f f i c i e n t  a r r a y  a n d  the so lu t ion  vec to r  be fo re  
invers ion  was attempted. The c a l c u l a t i o n  i s  then 
t e r m i n a t e d  i n  t h e  s t a n d a r d  e r r o r  mode. 
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Called from 'GETFS' ; - this e r r o r  message is gener- 
a t e d  i n  the i n t e r p o l a t i n g  service r o u t i n e ,  LAGR, 
which  has  t r ied  to  f ind  the q u a n t i t y ,  WESTR, W ( r )  ) 
corresponding  to  ETA e q u a l  t o  ETASTR (r)  = r) ) from 
a t a b l e  of WETA v s  ETARAY ( W  v s  q )  by Lagrangian 
i n t e r p o l a t i o n  and  has   fa i led.  'ERROR' p r i n t s   t h e  
l a s t  v a l u e  of the answer from 'LAGR' and t h e  e r r o r  
i n d i c a t o r  KE which is e i t h e r  1, 2 ,  o r  3 depending 
upon whether the argument was below the lowes t  t ab le  
v a l u e ,  a b o v e  t h e  l a r g e s t  t a b l e  v a l u e  o r  the number 
o f  po in t s  were i n s u f f i c i e n t  f o r  i n t e r p o l a t i o n ,  
r e spec t ive ly .  The program t h e n  te rmina tes  i n  t h e  
prescr ibed  manner. Th i s   e r ro r  message i s  a l s o  
common to both PILOT1 and PILOT2. 
This message i s  c a l l e d  from the function- subprogram 
'FUNCT' and is  generated by 'LAGR' i n  a t t e m p t i n g  t o  
f i n d  a va lue  of W(q) wi th  a given argument from a 
t ab le  o f  WETA versus  ETARAY [ W(q) vs  q ] by Lagrangian 
i n t e r p o l a t i o n .  The i n t e r p o l a t i o n   r o u t i n e  i s  c a l l e d  i n  
t h i s  i n s t a n c e  i n  c o n n e c t i o n  w i t h  f i n d i n g  t h e  i n t e g r a l  
I N T ( E T A ,  P ,  Q )  = J o  ;W(q) i &n  qIQdr) by quadratures .  
AS above, ERROR p r i n t s  t h e  l a s t  v a l u e  o f  t h e  answer 
from 'LAGR' and t h e   e r r o r   i n d i c a t o r ,  KE. Also,   as  
above,  the  program i s  then  terminated.   This   error  
message i s  again common to  PILOT1 and PILOT2. 
* 
* 
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DESCRIPTION 
T h i s  e r r o r  message is c a l l e d  from 'GETYSP' and is  
contained  in   both PILOT1 and PILOT2. If the above 
rout ine  cannot  converge  to  a value of YSPLUS (yS ) 
fo r  t he  g iven  va lue  o f  VWPLUS (Vw ) wi th in  20 i t e r a -  
t i o n s ;  ERROR i s  c a l l e d  and p z i n t s  o u t  a message t o  
t h a t  effect. In   add i t ion ,  'ERROR' p r i n t s   o u t   t h e  
l a s t   i t e r a t e   f o r  YSPLUS and the input  va lue  of WPLUS,  
t h e  l a t t e r  i n  i n t e g e r  f o r m a t  m u l t i p l i e d  by lO,OOO. 
The program then terminates in the s t anda rd  e r ro r  mode. 
+ 
+ 
The fol lowinq 4 e r r o r  messaqes a re  conta ined  only  
i n  PILOT2 
Th i s  e r ro r  message is c a l l e d  from ' I N I T Z  ' and is 
generated by subrout ine  'LAGR'  i n  a t t empt ing  to  f i n d  
a va lue  of  the  ex terna l  Mach number, EMEI, f o r  t h e  
g iven  in i t ia l  va lue  of  normal ized  length ,  XOL, from 
a t ab le  o f  ex te rna l  Mach number versus normalized 
length ,  EME v s  XEL, by La Grangian interpolat ion.  
When t h e  i n t e r p o l a t i o n  i s  unsuccessful ,  ERROR is  
c a l l e d  and p r i n t s  t h e  l a s t  v a l u e  of the answer and 
t h e   e r r o r   i n d i c a t o r ,  KE. The program i s  then 
terminated.  
T h i s  e r r o r  message is i d e n t i c a l  t o  e r r o r  message 59 
and i s  a l s o  c a l l e d  from ' I N I T Z  I .  I t  i s  a s soc ia t ed ,  
however ,  with interpolat ion of  the wal l  temperature  
r a t i o  t a b l e ,  TWTTE v s  XTWL, f o r  t h e  g i v e n  i n i t i a l  
value of  normalized length,  XOL. If any t rouble  develops 
in  ob ta in ing  an  in t e rpo la t ed  va lue ,  WBARI, ERROR writes 
out  the  e r ror  message  of  error 59 bu t  des igna te s  it a s  
e r r o r  #60. The program  then  terminates  as  above. 
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DESCRIPTION 
Cal.led from 'GETFS'; - If , in  the course of  computing 
F(ETA), [F(Q)], t h e  q u a n t i t y  ( P H I ) '  - VBAR/UEBAR 
becomes less than  o r  equa l  t o  -1, an  imaginarysolu t ion  
would r e s u l t  i f  t h e  c a l c u l a t i o n  were al lowed to  pro-  
ceed  fur ther .  To p r e v e n t  t h i s ,  ERROR is ca l led   and  
writes a message indicat ing the above has  occurred.  
Er ror  then  writes o u t  t h e  c u r r e n t  v a l u e s  of VBAR(V)  
and PHI((P)  , t h e  l a t t e r  i n  i n t e g e r  f o r m a t  m u l t i p l i e d  
by 10,000 and then  te rmina tes  the  ca lcu la t ion .  
Called from 'VSTART'; - t h e  Newton-Raphson i t e r a t i o n  
technique used to determine USTLDAO (cs ) from t h e  
i n i t i a l  v a l u e s  of the ex te rna l  and wa l l  cond i t ions  
and t h e  i n i t i a l  v a l u e  o f  t h e  s k i n  f r i c t i o n  . p a r a m e t e r ,  
0 
P H I O ,  (pol has not  converged in  100 i t e r a t i o n s  t o  
wi th in  a t o l e rance  of -001. ERROR p r i n t s  t h e  i n i t i a l  
guess  fo r  t he  roo t ,  US'TLDAO, and t h e  e r r o r  i n d i c a t o r ,  
KE. The program  then  terminates   in   the  s tandard 
err o r  mod e. 
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V I I .  PROGRAM OUTPUT 
This section describes the format of the program output 
fo r  bo th  PILOT1 and PILOT2 fo r  t he  va r ious  program options that 
may be  se lec ted ,  def ines  the  nota t ion  used  i n  the output format 
and presents some samples  o f  t he  ou tpu t  fo r  i l l u s t r a t ion .  
The f irst  page of output specifies the system of u n i t s  t h a t  
w i l l  be  used  fo r  a l l  ou tpu t  quan t i t i e s  (no te :  a d i f f e r e n t  
system of u n i t s  may have been selected for  input  i n  PILOT2) and 
the  major  options  that  have  been  chosen. I n  add i t ion ,  t he  
identifying information which has been punched on t h e  t h r e e  
comment cards  used  to  te rmina te  the  input  da ta  for  each  case ,  a re  
pr in ted .  
The second page pr ints  the values  of  the input  and computed 
f ree   s t ream  or   re fe rence   condi t ions .  I n  PILOT1, t hese   a r e   t he  
ve loc i ty ,  s ta t ic  pressure ,dens i ty ,  Reynolds  number per u n i t  
length,   s tagnat ion  pressure  and  reference  length.  I n  PILOT2 
they  a re  Mach number, total  temperature ,  Reynolds  number per 
un i t  l eng th ,  r e fe rence  l eng th  and  normal ized  in i t ia l  l ength .  
I n  add i t ion ,  t he  program p r i n t s  t h e  p a r t i c u l a r  v a r i a b l e  name 
(x, R e  o r  R e  ) tha t   has   been   chosen   for   p rof i le   genera t ion ,  and 
the  va lues  o f  t ha t  va r i ab le  a t  which p r o f i l e s  w i l l  be p r in t ed .  
I f  no p r o f i l e s  a r e  r e q u e s t e d ,  a message t o  t h a t  e f f e c t  is a l s o  
p r in t ed .  The l a s t  i t e m  on t h i s  page i s  a pr in tout  of  t h e  cont ro l  
card  ind ica tors  tha t  have  been  se lec ted .  
e ’  X 
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The next page i s  a p r in tou t  o f  namel i s t  OVRIDE and 
contains:  
a )  a l l  t h e  v a l u e s  of t h e  q u a n t i t i e s  t h a t  have  been 
se l ec t ed  by  the  use r  a long  wi th  
b )  a l l  t h e  d e f a u l t  o p t i o n s  and  pre-se t  da ta  tha t  the  
program w i l l  use  in  the  course  of  the  computa t ion .  
The following one or two pages  conta in  a l l  the  wal l  and  edge  
condition information which has been input or generated by the 
in i t i a l i za t ion  po r t ions  o f  t he  p rogram,  ou tpu t  i n  a v a r i a b l e  
namel i s t - type  fo rma t .  These  quan t i t i e s  a re  p r in t ed  wi th  the i r  
program v a r i a b l e  names and a r e ,  i n  t h e  o r d e r  i n  which they are 
pr in ted :  
(A) I N  PILOT1 the   ax ia l   coo rd ina te   a long   t he  body a t  
wh ich  ex te rna l  p re s su re ,  ve loc i ty  o r  
p r e s s u r e  c o e f f i c i e n t  d i s t r i b u t i o n s  a r e  
prescr ibed .  
XE ( f t . )  
PE ( l b / f t 2 )  t h e  e x t e r n a l  p r e s s u r e  d i s t r i b u t i o n  a n d  i t s  
DPEDX ( l b f / f t 2 / f t )  d e r i v a t i v e  w . r . t .  a x i a l  d i s t a n c e ,  r e s p e c t i v e l y  
C P  p r e s s u r e   c o e f f i c i e n t   d i s t r i b u t i o n  
UE (ft /sec) the   work ing   ex te rna l   ve loc i ty   d i s t r ibu t ion  
DUEDX ( f t / s ec / f t )   and  i t s  d e r i v a t i v e  w . r . t .  a x i a l   d i s t a n c e ,  
r e s p e c t i v e l y  
U E I N  ( f t / s e c )  
xw ( f t )  
VBARIN 
t h e  i n p u t  e x t e r n a l  v e l o c i t y  d i s t r i b u t i o n  
( n o t e :   i f  no smoothing i s  needed, UE and 
U E I N  w i l l  be   i den t i ca l .   Ve loc i ty   de r iva t ives  
are  a lways calculated from UE.)  
t he  ax ia l  coord ina te  a long  the  body a t  which 
t h e  mass t r a n s f e r  d i s t r i b u t i o n s  a r e  
prescr ibed  
the normalized input  mass t ransfer  d i s t r . ib .u t ion  
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VBAR 
DVWDX 
The working mass t r a n s f e r  d i s t r i b u t i o n  and 
i t s  d e r i v a t i v e  w . r . t .  a x i a l  d i s t a n c e ,  
r e spec t ive ly   ( aga in ,  i f  no  smoothing i s  
used, VBAR and VBARIN a r e  i d e n t i c a l .  
DVWDX i s  always computed based on VBAR) . 
B. I N  PILOT2 
Note: A l l  q u a n t i t i e s  below  have  been  normalized w . r . t .  
t he  r e fe rence  l eng th  and /o r  t he  r e fe rence  to t a l  
temperature.  
XEL 
.EME I N  
EME 
DMEDX 
XTWL 
TWTTEN 
TWTTE 
the  no rma l i zed  ax ia l  coord ina te  a long  which 
t h e  e x t e r n a l  Mach number i s  s p e c i f i e d  
the  inpu t  ex te rna l  Mach number, the working 
value 0.f t h i s  Mach number and i t s  d e r i v a t i v e  
w . r . t .  normal ized  ax ia l  d i s tance ,  respec t ive ly ,  
a s  above, EME and EMEIN a r e  i d e n t i c a l  i f  no 
smoothing i s  used and DMEDX is always computed 
from t h e  working variable 
the normalized axial  coordinate  a long which 
t h e  w a l l  t e m p e r a t u r e  r a t i o  d i s t r i b u t i o n  is 
p resc r ibed  
the  inpu t  wa l l  t empera tu re  r a t io ,  i t s  working 
value and the der ivat ive of  the working value 
w . r . t .  normal ized   ax ia l   d i s tance ,   respec t ive ly .  
aga in ,  TWTTEN and TWTTE a r e  i d e n t i c a l  f o r  
t he  case  o f  no smoothing with the derivative 
always based upon the working value 
The r e su l t s  o f  t he  in t eg ra t ion  o f  t he  gove rn ing  equa t ions  a re  
s t o r e d  i n  an a r ray  the  length  of  which  ( i . e .  t h e  number of rows) 
is s p e c i f i e d  by the  use r  (c . f .  columns 10-12  on the  con t ro l  ca rd  
by  the  parameter  KTEST). The 0 u t p u t . o f  this iriformation is 
separa ted  in to  four  ca tegor ies ,  each  of  which  is  p r in t ed  eve ry  
t i m e  t h e  o u t p u t  a r r a y  is p r in t ed .  Th i s  p r in t ing  no rma l ly  t akes  
p l ace  when t h e  o u t p u t  a r r a y  is f i l l e d  t o  t h e  u s e r  s p e c i f i e d  l e n g t h .  
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The e x c e p t i o n  t o  t h i s  o c c u r s  when t h e  program is  prematurely 
t e r m i n a t e d  a t  which t i m e  t he  con ten t s  of t h e  o u t p u t  
a r r a y  a r e  p r i n t e d  r e g a r d l e s s  o f  i t s  present  length .  
The four  blocks of i n f o r m a t i o n  p r i n t e d  i n  t h e  o r d e r  i n  
which they appear 
(A) For PILOT1 
(1) Dependent  Variables And Thei r   Der iva t ives  - 
The independent  var iable ,  CHIBAR i s  pr in ted  fo l lowed 
by t h e  3 dependent  var iables ,  PHIBAR, t h e  s k i n  f r i c t i o n  
parameter,  RBAR, the transformed Reynolds number based 
upon boundary layer height and P I ,  Coles wake parameter,  
followed by t h e i r  r e s p e c t i v e  d e r i v a t i v e s .  The l a s t  
i t e m  p r i n t e d  i n  t h i s  g r o u p  i s  TAULAW, t h e  r e s i d u a l  v a l u e  
of   Coles   skin  f r ic t ion  law,   ( ideal ly ,   th is   parameter  
shou ld  be  iden t i a l ly  ze ro ) .  
( 2 )  P rope r t i e s  i n  the  Physical   Plane - 
The independent   var iable ,  CHIBAR, i s  printed,   followed  by 
CF, t h e  s k i n  f r i c t i o n  c o e f f i c i e n t  , RTHETA, t h e  Reyno'lds 
number based upon momentum th i ckness ,  RDLTSTR, the Reynolds 
number based upon boundary layer displacement thickness,  
RDELTA, the Reynolds number based upon boundary layer height.  
The remaining four  columns for  this  output  block are  
r e spec t ive ly  the  th ree  in t eg ra l  t h i cknesses  (measu red  in  
feet)  THETA, DELSTR, DELTA a n a  f i n a l l y ,  DELTAX. 
( 3 )  The th i rd  b lock ,  en t i t l ed ,ExternaL and  Wal l  Proper . t i es ,  
a g a i n  s t a r t s  w i t h  a CHIBAR colurtln. The nex t  t h ree  columns 
a re  r e l a t ed  to  the  ex te rna l  ve loc i ty  and  wa l l  b lowing  va lues .  
S p e c i f i c a l l y ,  column 2 conta ins  UEBAR, the.non-dimensiona1 
"" ". 
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l o c a l  e x t e r n a l  v e l o c i t y ,  w i t h  columns 3 and 4 
eonta in ing  VBARW, the wal l  blowing value 
non-dimensional ized  with  respect   o  u .  and 
VTLDAW which is t h e  same wall  blowing value but 
now non-dimensional ized with respect  to  the local  
e x t e r n a l  v e l o c i t y  U E I .  The next  two columns, 
e n t i t l e d  UEBARP and UBARWP a r e  t h e  l o c a l  
de r iva t ives  o f  t hose  quan t i t i e s  appea r ing  in  
columns 2 and 3 r e spec t ive ly .  Columns 7 and 8 
conta in  two special  blowing parameter .  funct ions 
des igna ted  a s  ZETl  and ZETA2; t h e  f i n a l  column 
is a r epea t  o f  column 9 of the  prev ious  b lock ,  
i . e . ,  DELTAX. 
(4 )  The four th   and   f ina l   b lock   conta ins   Addi t iona l  
eo 
p r o p e r t i e s .  A s  be fo re ,  columns 1 and 9 conta in  
s imi l a r  ou tpu t  a s  t he  p rev ious  two output  blocks.  
Columns 2 and 3 c o n t a i n  s p e c i a l  s k i n  f r i c t i o n  
pa rame te r s  r e spec t ive ly  de f ined  a s  P H I 1  and P H I 2 .  
Two Clauser  pressure  grad ien t  parameters ,  l i s ted  as  
BETATl and BETAT2 farm the  nex t  two columns. 
Column 6 simply l i s t s  t h e  form f a c t o r  H while 
column 7 con ta ins  the  ca l cu la t ed  va lues  o f  shea r  
a t  ETASTR, i .e . ,  TAUSTR. A Reynolds number based 
upon the  shea r  ve loc i ty  and the laminar  sublayer ,  
( i .e .  YSRLUS)makes up  column 8. 
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(B)  For PILOT2 
Again,  four  blocks of  information are  pr inted i n  t h e  
following order:  
(1) Dependent  Variables - 
The independent variable,  CHIBAR, is printed followed by 
the  e igh t  dependen t  va r i ab le s ,  namely RBAR, PHIBAR, P I ,  UEBAR, 
VBAR, SGMATLDA, ETATILDA and C H I ,  i n  t h a t  o r d e r .  The l a s t  
t h r e e  w e r e  not previously encountered i n  PILOT1 and ere two of 
Coles scaling parameters and the streamwise Reynolds number, 
respec t ive ly .  
( 2 )  Derivatives  of  the  Dependent  Variables - 
This second block is  composed of the independent variable,  
CHIBAR, followed by the derivatives of the dependent variables 
mentioned above. 
( 3 )  Addi t iona l   Proper t ies  - Group (1) - 
The third block begins  with the pr int ing of  the independent  
va r i ab le ,  CHIBAR, followed by the  normal ized  ax ia l  d i s tance ,  
X/LREF, the  normalized axial  displacement ,  DELTAX, the  Reynolds 
number based on ax ia l  d i s t ance ,  REY N O . ( X ) ,  t he  momentum and 
displacement thickness,  THETA and DLTASTR, respect ively,  fol lowed 
by the Reynolds numbers based on the above, i .e . ,  RTHETA and RDLTSTR 
(4)  Addit ional   Propert ies  - Group ( 2 )  - 
The q u a n t i t i e s  CHIBAR, C H I  and RTHETA a re  r epea ted  fo r  
convenience and are followed by the compressible form factor,  H, 
t h e  s k i n  f r i c t i o n  c o e f f i c i e n t ,  CF,  a n d  t h e  r e l a t i v e  e r r o r s  DELTRBAR, 
DELSTLDA and DELZBARS . 
I f  p r o f i l e s  a r e  o b t a i n e d ,  t h e i r  o u t p u t  is presented i n  a 
s i n g l e  p r i n t  b l o c k .  The block is headed  by a s ta tement  ind ica t ing  
a t  which s t a t i o n  t h e  p r o f i l e s  were generated and what the inde- 
pendent   p rof i le   var iab le  was ( i .e . ,  x,   (or  x/LJ R e   R e x ) .  The 
remaining two pa rame te r s  a re  p r in t ed  d i r ec t ly  below. 
e '  
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Preceding-this  profile  block  are  two  smaller  blocks of 
information  representing  the  interpolated  values of the  dependent 
variables,  their  derivatives,  the  boundary  layer  properties  and 
the  external  quantities  corresponding  to  the x, or x/L,  Re or e 
Rex value  which  has  been  selected  by  the  user.  This  information 
is  immediately  followed  by  the  profiles. 
For  PILOT1,  profile  information  is  output  with  ETA,  the  nor- 
malized  local  value of the  normal  coordinate:  followed  by YLOC, 
the  local  value of the  physical  normal  coordinate,  YPLUS,  the 
transformed  Reynolds  number  based  upon  sublayer  height  and 
shear  velocity,  RYLOC,  the  Reynolds  number  based  on  local  edge 
conditions;  UPLUS,  the  local  value of u/u , UTLDA,  the  non- 
dimensional  velccity  as  a  function f ETA,  UGEN,  local  values  of 
Stevenson's  generalized  velocity  and  UDIF,  which  defines  the 
difference  in  edge  and  local  values of Stevenson's  velocity. 
7 
For  PILOT2,  output of profile  information  follows  a  similar 
format.  ETALOC  is  the  normalized  local  value of  the  normal 
coardinate  and  is  followed  by  YLOC  and  RYLOC  which  are  similar  to 
the  quantities  printed  in  the  profiles  for  PILOT1.  These  are 
then followed  by  the  quotient R-/; denoted  by  R%BOST,  the 
velocity  profile,  UTLDA, as  above,  the  density)temperature  and 
viscosity profiledenoted as  RHTLDA,  TTILDA  and  VISKTI, 
respectively,  and  finally,  the  stagnation  temperature  ratio,  TTRATO 
Y 
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V I I I .  DESCRIPTION OF PROGRAM  SUBROUTINES 
Deck Name 
BLOCK DATA ~ l l  pre-set data  nd  program  constants are s t o r e d  
and i n i t i a l i z e d  i n  this rou t ine .  The pre-se t   da ta  
i n c l u d e  d e f a u l t  i n i t i a l  v a l u e s  of some of  the 
dependent variables, program t e s t  parameters, and 
in t eg ra t ion   t o l e rances .  I n  a d d i t i o n ,   t h e   r e s u l t s  
of the  quadra tu re  in t eg ra t ion  done  by subrout ine 
"INTGRL" using Coles  wake parameter  in  the form 
w(q) = 6r) - 477 are   inc luded .  A form of t h i s  
rou t ine  is contained in  both P I L O T l  and PILOT2 
and much o f  t he  da t a  con ta ined  in  it a r e  common 
t o  both programs. 
2 3 
BLPROP 
BOUNDE 
A form of t h i s  r o u t i n e  is  contained in  both 
PILOTl  and PILOT2 and  ca lcu la tes  the  requi red  
boundary  layer  proper t ies ,  the  prof i le  po in t  t es t  
quan t i t i e s   ( i . e . ,   ax i a l   l oca t ion ,   l oca l   Reyno lds  
number and l o c a l  Reynolds number based on momentum 
th i ckness )  and  the  so lu t ion  con t ro l  r e l a t ive  
errors on RBAR, STILDA and ZBAR where appropriate.  
This  rout ine ,  a form of which appears in both 
P I L O T l  and PILOTZ, determines the loca l  ax ia l  coord -  
inate and then finds,  by LaGrangian interpolation 
of e x i s t i n g  t a b l e s  of edge and w a l l  conditions and 
t h e i r  d e r i v a t i v e s ,  t h e  l o c a l  v a l u e s  of t hese  quan- 
t i t i e s .  I n  a d d i t i o n ,   t h i s   r o u t i n e   c a l c u l a t e s  
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CHSUB 
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DAT P RP 
c e r t a i n  q u a n t i t i e s  which depend only on these 
ex te rna l  and  wa l l  cond i t ions  and  ce r t a in  log -  
a r i t h m i c  d e r i v a t i v e s  which a r e  needed elsewhere 
i n  the program. 
This rou t ine  i s  c a l l e d  by the  in tegra t ion  package  
once a f t e r  e v e r y  i n t e g r a t i o n , s t e p  h a s  b e e n  com- 
p le t ed .  I t  may be  used t o  p e r f o r m  c e r t a i n  t es t s  
on t h e   r e s u l t s   o f   t h e   i n t e g r a t i o n .  A t  p r e sen t ,  
it is  a dummy r o u t i n e  i n  both P I L O T l  and PILOT2. 
I n  PILOTl, t h i s  r o u t i n e  c a l c u l a t e s  t h e  1 2  coef f -  
i c i e n t s  r e q u i r e d  t o  f i n d  t h e  s o l u t i o n  o f  a system 
of 3 o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  i n  t h e  depend- 
e n t   v a r i a b l e s  P H I ,  RBAR and  PI. I n  PILOT2 it 
eva lua te s  the  72 c o e f f i c i e n t s  r e q u i r e d  t o  s o l v e  t h e  
system of 8 o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  i n  RBAR,. 
P H I ,  P I ,  UEBAR, UBAR, STILDA, ETILDA,  and C H I .  
Th i s  rou t ine  is  used  in  PILOTl  on ly  t o  compute t h e  
remaining reference conditions from those which 
a re  inpu t ,  t o  eva lua te  the  r ema in ing  ex te rna l  con- 
d i t i o n s  from those which are  input ,  to  s e t  up 
the smoothing operation on t h e  i n p u t  e x t e r n a l  
v e l o c i t y  and t o  g e n e r a t e  the d e r i v a t i v e s  of t h e  
e x t e r n a l  q u a n t i t i e s .  
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This rou t ine  -is ca l led  by  the  in tegra t ion  package  
t o  e v a l u a t e  t h e  d e r i v a t i v e s  of the dependent  var iables .  
It, i n  t u r n ,  c o n t a i n s  the log ic  wh ich  ca l l s  rou t ines  
which  de termine  the  loca l  edge  condi t ions ,  ca lcu la te  
t he  sub laye r  p rope r t i e s ,  de t e rmine  the  quan t i t i e s  
needed t o  e v a l u a t e  t h e  c o e f f i c i e n t s  r e q u i r e d  i n  
q rde r  t o  so lve  the  mat r ix  of o r d i n a r y  d i f f e r e n t i a l  
equat ions,   and  invert   that   ma-tr ix .  A form of t h i s  
rou t ine  appears  in  both  P I L O T l  and P I L O T 2 .  
T h i s  r o u t i n e  p r i n t s  a l l  error messages and sets up 
the  s tandard  error terminat ion made used by both 
P I L O T l  and P I L O T 2 .  When terminat ion i s  complete, 
t h i s  r o u t i n e  c a l l s  t h e  main  program "MAIN" f o r  
process ing  of  the  next  case  or  run  te rmina t ion .  
The P I L O T 2  vers ion  of t h i s  r o u t i n e  c o n t a i n s  a l l  
the e r r o r  messages of P I L O T l  p l u s  4 a d d i t i o n a l  
ones spec'ific t o  i t s  computational procedure.  
T h i s  function sub-program i s  conta ined  in  P I L O T 2  on ly  
and is used by the service r o u t i n e  " N E R I T "  t o  e v a l -  
ua te  the d e r i v a t i v e  of the  func t ion  requi red  t o  
f i n d  t h e  v a l u e  of U S T L D A 6 ( z s  ) assoc ia t ed  wi th  a 
0 
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pa r t i cu la r  va lue  of P H I  ( c p )  . The information i s  
r e q u i r e d  i n  the c a l c u l a t i o n  of a n  i n i t i a l  v a l u e  of 
VBAR(V) for  a leading  edge  problem. 
This function sub-program in P I L O T l  i s  c a l l e d  by 
the  quadra tu re  in t eg ra t ion  rou t ine  "TRAPIN" which, 
i n  t u r n ,  i s  c a l l e d  by " I N T G R L "  t o  e v a l u a t e  t h e  
integrand required t o  f i n d   t h e   i n t e g r a l  .Tq[w (7) ]
[.tnq] dq. I n  PILOT2, i n   a d d i t i o n   t o   t h e   a b o v e ,  
t h i s  r o u t i n e  i s  c a l l e d  by t h e  " N E R I T "  t o  eva lua te  
the  func t ion  r equ i r ed  t o  f i n d  t h e  v a l u e  of USTLDAB 
(G ) assoc ia ted  wi th  a pa r t i cu la r  va lue  o f  P H I  ((0) 
r e q u i r e d  i n  t h e  c a l c u l a t i o n  of an i n i t i a l  v a l u e  
of  VBAR(V) f o r  a leading edge problem. 
P 
Q 0 
S 
0 
This rou t ine  is common t o  b o t h  P I L O T l  and PILOT2 
i n  n e a r l y  t h e  same form. Given  cer ta in   dependent  
va r i ab le s  it ca l cu la t e s  t he  func t ion  F(ETA) 
r F ( Q )  1 for ETA e q u a l  t o  ETASTR and 1 ( r ) = ~ *  and p=l ) .  
These  func t ions  a re  r equ i r ed ,  i n  tu rn ,  t o  eva lua te  
c e r t a i n  o f  t h e  c o e f f i c i e n t s  of t h e  d i f f e r e n t i a l  
equat ions.  
72 
GETQS 
GETYSP 
I N I T 2  
Th i s  rou t ine ,  excep t  fo r  common blocks,  is i d e n t i c a l  
i n  b o t h  PILOT1 and PILOT2 and eva lua te s  the  func t ions  
Q ( E T A )  [Q(v) ] a n d  t h e i r  d e r i v a t i v e s :  f o r  ETA equal  
t o  ETASTR and 1, (i .e. , q=q* and r)=l) us ing  the  
r e s u l t s  of the  quadra tu re  in t eg ra t ion  and the 
dependent   var iable ,  P I .  
This  rout ine ,  except  for  common blocks,  i s  a l s o  
i d e n t i c a l  i n  PILOT1 and PILOT2 and obtains  YSPLUS, 
the  laminar  sublayer  he ight ,  by solving an equa- 
t i o n  which contains YSPLUS, implki t ly ,  given a 
va lue  o f  t he  ve loc i ty  VWPLUS (Vw ) . + 
I n  PILOT1, t h i s  r o u t i n e  c a l c u l a t e s  t h e  v a r i o u s  
func t iona l  forms of Coles wake parameter and i t s  
d e r i v a t i v e  a s  a func t ion  of the  normal ized  ver t ica l  
coord ina te ,  E T A ( r )  and  computes t h e  i n i t i a l  v a l u e  
of  the dependent  var iable  RBAR(R) from c e r t a i n  o f  
the o t h e r  i n i t i a l  v a l u e s  o f  the dependent  var iables .  
I n  PILOT2, t h e  r o l e  o f  th is  rou t ine  is expanded t o  
inc lude  in  add i t ion  t o  the above ,  the  ca lcu la t ion  
I " 
of o the r  i n i t i a l  .dependent  quant i t ies .  
7 3  
I N P U T  
INTGRL 
I N T l A  
This  rout ine  is r e spons ib l e  fo r  a l l  p rog ram inpu t  
in  both  programs. I n  PILOT1, on ly   ex te rna l   ve loc i ty  
input  may be  smoothed. The remainder  of  any  smooth- 
ing  opera t ions  on input  da ta  and  the  ca lcu la t ion  
of the  de r iva t ives  of t he  ex te rna l  and wall quan- 
t i t i es  is l e f t   t o   s u b r o u t i n e  "DATPRP". I n  PILOT2 
subrout ine " I N P U T "  h a n d l e s  a l l  o f  t h e  above operations.  
This  rout ine ,  except  for  common blocks,  is the  same 
i n  both  programs. I t  ob ta ins ,  by quadrature ,   the  
rl 
values   of   the   integral  [ w ( ? ? )  1 [ tnn ]  dq f o r  P Q 
O s ~ s q *  and f o r  Osqsl. The r e s u l t s  o f  t h e  i n t e g r a -  
0 
t i o n  a r e  s t o r e d  a s  a three-dimensional array whose 
ind ices  a re  P ,  Q ,  and q ;  q t ak ing  on only the value 
of the upper limits of  the  in tegra t ion .  
This  c losed rout ine is  the bulk of t he  in t eg ra t ion  
package  used i n  these  programs. I t  is b a s i c a l l y  
a f i f t h -o rde r  i n t eg ra t ion  rou t ine  wh ich  uses a 
c l a s s i ca l  fou r th -o rde r  Runge-Kutta  formula  in 
conjunction with Richardson's Extrapolation for 
va r i ab le  s t ep  s i ze  wi th  the  comput ing  in t e rva l  va r i ed  
t o  ineet l o c a l  r e l a t i v e  t r u n c a t i o n  e r r o r  t o l e r a n c e s ,  
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LAGDER 
LAGR 
LGRANG 
LMDA 
independently,   on  each  dependent  variable.  The 
rou t ine  uses  the s i n g l e  p r e c i s i o n  mode exc lus ive ly  
and is i d e n t i c a l  i n  b o t h  P I L O T l  and PILOT2. 
Th i s  s e rv i ce  rou t ine ,  i den t i ca l  i n  bo th  p rograms ,  
numer i ca l ly  ca l cu la t e s  t he  de r iva t ive  of a func t ion  
using the LaGrangian method. 
Th i s  s e rv i ce  rou t ine ,  when given tables  of  an 
independent  var iable ,  X ,  and a f u n c t i o n  o f  t h a t  
v a r i a b l e ,  Y = F ( X ) ,  w i l l  f i n d ,  by LaGrangian inter- 
p o l a t i o n ,  up t o  t e n t h  o r d e r ,  t h e  v a l u e  o f  Yn 
a s soc ia t ed   w i th  a par t icu lar   a rgument ,  X . P I L O T l  
and PILOT2 con ta in  iden t i ca l  ve r s ions  of t h i s  
rou t ine  . 
n 
This  is  another  service rou t ine :   aga in ,   i den t i ca l  
i n  PILOTl  and PILOT2 which i n t e r p o l a t e s  t o  any . 
desired okder  f rom tabulated values  of one or  more 
functions  of a s ing le   independent   var iab le .  I t  i s  
s i m i l a r  t o  LAGR above, but more genera l .  
This r o u t i n e ,  i d e n t i c a l ,  e x c e p t  f o r  common blocks,  
between PILOTl  and PILOT2, c a l c u l a t e s  t h e  d e f i n i t e  
i n t e g r a l s  LAMDA(ETASTk)X(n*) and LAMDA(1) [ X  (1) 1 
and t h e  r e l a t e d  q u a n t i t i e s ,  SIGMA (C) and OMEGA (Q) - 
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MAIN 
NER1.T 
OUT PUT 
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This  subrout ine  i s ,  in  both  programs,  the  t rue  
"MAIN" program. I t  i n i t i a l l y  sets a l l  i n t e r n a l  
program switches,  ini t ia l izes  the dependent  
v a r i a b l e s  f o r  t h e  c a l c u l a t i o n  o f  t h e  i n i t i a l  
d e r i v a t i v e s  and sets and increments a l l  program 
counters .  Program t e rmina t ion   i n  a non-error mode 
is  a l so  hand led  by  th i s  rou t ine .  I t  i s  the  on ly  
routine which may be assumed t o   c o n t a i n   a l l  common 
blocks.  The d i f f e r e n t  v e r s i o n s  o f  t h i s  r o u t i n e  i n  
PILOT1 and PILOT2 a r e  p r i m a r i l y  d u e  t o  t h e  d i f f e r e n t  
number of  dependent  var iables  handled by each 
program. 
Th i s  s e rv i ce  rou t ine  when given a func t ion  F ( x ) ,  
f i n d s  t h e  z e r o s  of F(x) wi th in  some prescr ibed  in-  
t e r v a l   ( a , b ) .   T h i s   r o u t i n e  i s  r equ i r ed   i n  
PILOT2 only.  
This  rout ine,  once integrat ion has  begun,  processes  
dl output  in  both  programs. A s e p a r a t e  e n t r y  p o i n t  
is p rov ided  fo r  p rocess ing  the  ou tpu t  o f  p ro f i l e  
information. The fo rms   o f   t h i s   rou t ine   a r e   ve ry  
s i m i l a r  i n  t h e  two programs, t h e  d i f f e r e n c e s  b e i n g  
due p r i m a r i l y  t o  t h e  d i f f e r e n t  q u a n t i t i e s  which 
a re  ou tpu t  i n  each .  
PARDRV 
PILOT1/2 
PRF'ILE 
PRINT 
This  rout ine  is used only i n  PILOT2 and c a l -  
c u l a t e s  t h e  v a l u e s  o f  c e r t a i n  p a r t i a l  d e r i v a t i v e s  
needed i n  eva lua t ing  the  coe f f i c i en t s  fo r  t he  
mat r ix  of  ord inary  d i f fe ren t ia l  equat ions .  
The dummy main program i n  both P I L O T l  and PILOT2. 
I t s  only funct ion is t o  c a l l  t h e  t r u e  main pro- 
gram, subrout ine "MAIN" and provide for  access  to  
"MAIN" from other subprograms. 
This  rout ine,  contained i n  both PILOTl  and PILOT2,  
sets up the  necessary  in te rpola t ions  of  computed 
p r o p e r t i e s  which a re  requi red  i n  o r d e r  t o  compute 
p r o f i l e s   a t   t h e   u s e r - s p e c i f i e d   p o i n t s .  I t s  form 
i s  very much the  same i n  both programs, the 
differences being associated with the information 
contained i n  the  output  a r ray  be ing  in te rpola ted ,  
and the subrout ine sequence cal led i n  generat ing 
the  p ro f i l e  i n fo rma t ion .  
This  rout ine ,  a form of which appears i n  both 
programs, prints the program t i t l e ,  a l l  u n i t  
des igna t ions ,  op t ion  se l ec t ions ,  ca se  iden t i fy ing  
informat ion ,  f ree  s t ream or  re ference  conai t ions  
and p r o f i l e  p o i n t  s e l e c t i o n s .  
6 
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I 
PROFIL 
S I M Q  
SMOOTH 
SUBLYR 
TRAPIN 
Both PILOTl and PILOT2 conta in  very  s imi la r  
v e r s i o n s  o f  t h i s  r o u t i n e  which c a l c u l a t e s  a l l  
p r o f i l e  p r o p e r t i e s  a t  u s e r - s p e c i f i e d  p r o f i l e  
po in t s .  The d i f f e r e n c e s  i n  t h e  two vers ions  
have t o  do with parameters a t  t h e  b e g i n n i n g  
of   the   rou t ine  i n  t h e  PILOT2 vers ion.  It should 
be  no ted  tha t  t h i s  rou t ine ,un l ike  i t s  predecessor 
of Reference 1, is not requi red  i n  the normal 
course of the program computation but only if  
and when p ro f i l e  i n fo rma t ion  i s  requested.  
The service r o u t i n e ,  i d e n t i c a l  i n  both  programs, 
except  for  a s i n g l e  common block i n  t h e  PILOT2 
vers ion ,  so lves  the  sys tem of  l inear  ord inary  
d i f f e r e n t i a l  e q u a t i o n s  AY = B by matr ix  inversion.  
This service rou t ine ,  w i th  iden t i ca l  ve r s ions  i n  
both PILOTl  and PILOT2 except  for  a s i n g l e  
common block, performs local smoothing of a 
tabula ted  func t ion  by t h e  method o f  l ea s t  squa res .  
This smoothing operation i s  an opt ion i n  both 
programs. 
This  rout ine  i s  used only by PILOT2 and genera tes  
a l l  s u b l a y e r  p r o p e r t i e s  r e q u i r e d  i n  t h e  s o l u t i o n  
o f  t he  sys t em o f  d i f f e ren t i a l  equa t ions .  
This i s  a se rv i ce  rou t ine  which performs numerical 
i n t e g r a t i o n  by quadratures  using a t r apezo ida l  
ru l e .  The vers ions  i n  P ILOTl  and PILOT2 a r e  
ident ica l  except  for  one  common block. 
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I 
UNITS 
VSTART 
This service rou t ine  i s  contained only in  
PILOT2 and makes a l l  t h e  n e c e s s a r y  u n i t  con- 
versions between English system engineering 
u n i t s  and S . I .  ( I n t e r n a t i o n a l )  u n i t s  f o r  a l l  
input  and  output  information. The rou t ine  
has  2 s e p a r h t e  e n t r y  p o i n t s  t o  f a c i l i t a t e  t h e  
conversions. As implied  above,  the PILOT1 
program is w r i t t e n  for  use with Engl ish 
system engineer ing uni ts  only.  
This  rout ine  i s  used only i n  PILOT2 and i s  
used only  for  a leading edge problem ( i .e .  for  
gene ra t ing  an  in i t i a l  va lue  o f  VBAR when p r o f i l e  
information is  n o t   a v a i l a b l e ) .  I t  accomplishes 
t h i s  by f ind ing  fo r  an i n i t i a l  s p e c i f i e d  v a l u e  
of   the  dependent   var iable ,  P H I ,  ( i . e .#  = 'pol 
a value  of USTLDA ( i . e .  # u = ) which 
sa t i s f i e s  t he  t r anscenden ta l  equa t ion  
G (us,cp) - F 6 ) =  0 using a  Newton-Raphson 
i t e r a t ion  t echn ique .  
N 
S so 
N 
S 
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I X .  PROGRAM USE,  OPERATION. AND LIMITATIONS 
Programs PILOTl  and PILOT2 have  been  designed  primarily 
f o r  u s e  on t h e  CDC 6600 series computer. A l l  coding has been 
done i n  CDC 6600 FORTRAN which i s  compatible  with s tandard 
FORTRAN I1 and FORTRAN I V  languages. The source  programs  for 
P I L O T l  and PILOT2 are   approximately 2500 and  3000 cards ,  
r e s p e c t i v e l y ,  and have been compiled and executed on both  the  
s tandard  run FORTRAN and  extended FORTRAN CDC Systems. FORTRAN 
l o g i c a l  5 (Tape 5) and l o g i c a l  6 (Tape 6 )  u n i t s  a r e  u s e d  f o r  i n p u t  
and output ,   respec t ive ly ,   for   bo th   p rograms.  No o t h e r  in te rme-  
d i a t e  u t i l i t y  t a p e s  a r e  r e q u i r e d .  
A n  e f f o r t  was  made in the'  development of these  programs to  
wr i t e  them i n  a way which would avoid the necessity to overlay 
any po r t ion  o f  e i the r  o f  them. This has been accomplished i n  
tha t  the  core  requi rements  for  loading  and execut ion of  each are  
modest. The program l o g i c   f o r  P I L O T l  ( i n c l u d i n g  a l l  common b locks)  
r equ i r e s  less than 60,0008 core for  loading  and approximately 
37 ,000  core   for   execut ion  on t h e  CDC 6600. For P I L O T 2 ,  65,0008 
core  i s  requi red  for  loading  whi le  43,000 i s  necessary  for  
execution.  Both  programs may be  batch-processed  and  any number 
of  cases  may be i n p u t  a t  one  time.  Program  execution time depends 
t o  some e x t e n t  on the  type  of  input  da ta  be ing  processed  but ,  
i n  genera l ,  w i l l  be 1 / 2  second or less p e r  i n t e g r a t i o n  s t e p  f o r  
both P I L O T 1  and PILOT2.  
8 
Most of the program limitations have been mentioned elsewhere 
i n  t h i s  t e x t  b u t  a r e  summarized, for convenience, below: 
(1) A t  p r e s e n t ,  P ILOT2 and P I L O T 1  w r i t e  29 and 32 v a r i a b l e s  
t o  t h e  o u t p u t  a r r a y ,  r e s p e c t i v e l y .  
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( 2 )  Only 3 dumpswitch s e t t i n g s  a r e  p r e s e n t l y  a v a i l a b l e  
in both programs. 
( 3 )  O u t p u t  p r i n t  b l o c k s  a r e  l i m i t e d  t o  a maximum of  
50 l ines  per  b lock  in  both  programs.  
( 4 )  Both PILOT1. and PILOT2 ' have  provis ion,  a t  p r e s e n t ,  
for  process ing  a maximum of  20 p r o f i l e  p o i n t s .  
( 5 )  Both  programs  require the ex te rna l  da t a  ( i . e .  , edge 
and /o r  wa l l  cond i t ion  va r i a t ions )  t o  be  spec i f i ed  
wi th in  50 da t a  po in t s .  
( 6 )  C a l c u l a t i o n  o f  p r o f i l e s  a r e  done a t  f i x e d  i n c r e m e n t s  
i n  the  ve r t i ca l  no rma l i zed  coord ina te  ETA and provide 
f o r  51 p r o f i l e   p o i n t s   a t  any selected p r o f i l e  s t a t i o n .  
Th i s  app l i e s  t o  PILOT1 only.  
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SUMMARY O F  PRE-SET DATA 
( I )  Information Common t o  P I L O T 1  and PI.LOT2, 
CAY1 = 0.4115 L R E F  = 1.0 
CAY2 = 4.90 N I N T P T  3 1 
BETA = .018 DCIMAX = 107 
ETASTR = 0.5 VPMIN = .0001 
P I E  = 3.14159 CHIMAX = l o8  
DBDVTW = 0.25 PHIMAX = 1000 
( 1 1 )  In format ion  C o n t a i n e d   O n l y  i n  P I L O T 1  
E L E l  DEPENDENT  VARIABLE ELE2 
1.0~10-4 
I RBAR( E) 
I i 
3 P I  ( n )  J 
__. 
P H I  (9) 1 . 0 ~ 1 0 - 9  
ORDRAY ELEMENT FORMAL PARAMETER 
I O R D R l  
IORDR2 
IORDR3 
IORDR4 
IORDR5 
IORDR6 
IORDR7 
IORDR8 
DCHIBR 
CHIBAR 
x0 
VBAR 
DVWDX 
Y SPLS I 
SUBROUTINE 
LAGDER 
LAGDER 
LAGDER 
LGRANG 
LAGR 
LGRANG 
LAGR 
LGRANG 
Informat ion  C o n t a i n e d  O n l y  i n  P I L O T 2  
CAY3 = 198.6 XOL = 0. 
CAY4 = 331. DCHIBRO = 500. 
CAY5 = 397.2 CHIBARO = 0. 
= 500. 
= 0 .  
= 0 .  
= 0 .  
= 0 .  
= 10.6 
VALUE 
2 
2 
2 
2 
1 
2 
1 
2 
YSPLUS = 
C H I 0  = 
E L E l  
1.0~10-~ 
I 
! 
! 
! 
f 
i 
ORDRAY ELEMENT 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10.6 UEBARO,  ETLDAO = 1.0 
0. P H I 0  = 15.0 
P I 0  = 0.6 
DEPENDENT  VARIABLE  ELE2 
RBAR ( E) 1 . 0 ~ 1 0 - 9  
P H I  ( c p )  
P I ( n )  - 
VBAR ( V) 
S T I L D A ( ~ )  
ETILDA (% 
W I ( X )  
UEBAR ( u, 
FORMAL PARAMETER 
I O R D R l  
IORDR2 
IORDR3 
IORDRA 
IORDR5 
IORDR6 
IORDR7 
IORDR8 
IORDR9 
I O R D R l  
SUBROUTINE 
LAGDER 
LAGDER 
NOT USED 
LGRANG 
LAGR 
LGRANG 
LAGR 
LGRANG 
LAGR 
LAGR 
VALUE 
2 
2 
2 
2 
1 
2 
1 
2 
i 
1 
AA o r  
A 
BLOW1 
BETA1 ( B  ) 
T1 
BETA2 ( p  ) 
T2 
C 
COLD 
C B A R ( ~  
f 
CAY1 (kl) 
C A Y 2   ( k 2 )  
CAY3  (k3)  
CAY4 (k4) 
C A Y 5   ( k g )  
C P  
TABLE OF SYMBOLS  AND PROGRAM NOTATION 
a 1-D a r ray  of coe f f i c i en t s  u sed  t o  solve t h e  
system of o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  
mixing length constant 
name l is t  name used t o  i n p u t  VBAR vs x 
ou tpu t  a r r ay  de f in ing  C lause r ' s  p re s su re  g rad ien t  
parameter , -6 * 
dx 
output  array def ining pressure gradient  parameter  with 
mass t r a n s f e r ,  -6 ddn dx + VW) 
the  so lu t ion  vec tor  for  the  sys tem of  ord inary  
d i f f e r e n t i a l  e q u a t i o n s  
streamwise independent variable of the system 
the physical streamwise Reynolds number, a dependent 
va r i ab le  
the  in i t ia l  va lue  of  the  dependent  var iab le ,  C H I  
the  der iva t ive  of  the  dependent  var iab le ,  C H I  
t h e  maximum value of C H I  - an input used for normal 
case terminat ion 
the  so lu t ion  vec to r ,  C ,  before being operated on by 
the  mat r ix  invers ion  rout ine ,  SIMQ 
t h e  s k i n  f r i c t i o n  c o e f f i c i e n t  i n  the transformed 
constant  property plane 
t h e  s k i n  f r i c t i o n  c o e f f i c i e n t  i n  the physical  plane 
cons tan t ,  0.4115 
cons tan t ,  4.9 
constant,  198.6 
cons tan t ,  331. 
cons tan t ,  397.2 
t a b l e  o f  p r e s s u r e  c o e f f i c i e n t s  i n p u t  v i a  PCOEFF namelist  
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DCHIBR ( A X )  t h e   i n i t i a l   i n c r e m e n t  of CHIBAR 
DC IMAX t h e  maximum permi t ted  increment  i n  CHIBAR between 
i n t e g r a t i o n  s t e p s  
D”DX (dpe/dX) l h s  ft2/ft The d e r i v a t i v e s  o f  t h e  external  
pressure. and ve loc i ty ,  
DUEDX (dU /dx) ft/sec;/ft r e s p e c t i v e l y  e 
DELTAX (Ax) the  axial   d ispLacement   a long  the body 
DLTASTR (6 * ) the   no ta t ion   used   in   the   ou tput   format   for   the  
phys ica l  d i sp lacement  th ickness  
DFMTDX I 
dme/d W L )  
non-dimensional  der ivat ive ofparameter  FMTLDA (&) 
DLRDXI non-dimensional logarithmic d e r i v a t i v e   o f  external d e n s i t y  
d 1nPe/d ( x/L) 
DLUDXI non-dimensional logarithmic d e r i v a t i v e   o f e x t e r n a l  
dlnU  /d(x/L) ve loc i ty  e 
DLVDXI non-dimensional logarithmic d e r i v a t i v e  of e x t e r n a l  
dhpe/d(x i ’L)   v i scos i ty  
DMEDX(dM / ~ x / L )  a r r ay  con ta in ing  the  de r iva t ives  o f  Mach number p o i n t s  
DMEDXI d e r i v a t i v e   o f Mach number a r  t h a   s p e c i f i c   p o i n t ,  X L I  
e i n  t h e  XEL t a b l e  
DRBAR r e l a t i v e   e r r o r  on RBAR 
DTETDXI non-dimensional  derivative of ( T   / T t )  
D m D X  ( d G / d x )  a r ray   con ta in ing   t he   de r iva t ives  of wal l   temperature  
e 
r a t i o  a t  t h e  s p e c i f i c  p o i n t ,  XLI 
DTWDXI 
DSTLDA (&) r e l a t i v e   e r r o r  on i? 
DVWDX a r r ay  con ta in ing  de r iva t ives  of VBAR a t  each 
i n p u t  p o i n t ,  U f t .  
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E L E l  
ELE2 
ETABAR ( ;i) 
ETASTR( G* 
E T A T I L D A ( ~ )  
ETLDA (qo 
ETATLDAP (: I ) 
EME ( M ~  1 
EMEI 
EME I N  
ETARAY ( { ) 
a 1-D a r r ay  con ta in ing  the  uppe r  bound o f  the 
l o c a l  r e l a t i v e  t r u n c a t i o n  e r r o r s  
a 1-D ar ray  conta in ing  the  lower  bound o r  
r e l a t ive  ze ro  fo r  each  dependen t  va r i ab le  
i n i t i a l  o r  r e f e r e n c e  . v a l u e  O f t h e  e x t e r n a l  Mach number 
transformed normal coordinate normalized w . r . t .  
boundary layer  thickness  
spec i f ied  (cons tan t )  va lue  of  ETABAR= 0.5 
t h e  name used in  the  ou tpu t  fo r  one  o f  Co les  
sca l ing  parameters  
t h e  i n i t i a l  v a l u e  o f  t h e  d e p e n d e n t  v a r i a b l e ,  ETATILDA 
the  ou tpu t  name o f  t he  de r iva t ive  of E'PATILDA 
t h e  a r r a y  of smoothed va lues  of the input  Mach No. 
(If no  smoothing is  done, t h i s  a r r a y  c o n t a i n s  t h e  
Same information a s  t h e  EMEIN a r r ay .  
l o c a l  v a l u e  of t h e  e x t e r n a l  Mach number 
t ab le  o f  i npu t  va lues  of e x t e r n a l  Mach numbers 
one-dimensional  array of = y/6 
" 
one-dimensional array of r) = y/b 
output  block i n  PILOT1 de f in ing  
loca l  va lue  o f  (T /'re- 1 
l o c a l  v a l u e  o f  (T /Te) 
v a l u e  o f  d l n ~ ~ ~ / a < )  a t  s u b - l a y e r  b e i g h t  
te 
te 
t h e  s p e c i f i c  h e a t  r a t i o  o f  t h e  g a s  
the compressible  form f a c t o r  
the t ransformed form f a c t o r  
8 5  
I ERR an   e r ro r   i nd ica to r  se t  by the   in tegra t ion   package  
I INTRL 
ITEXT 
running counter which indicates the number of 
in tegra t ion  s teps  comple ted  
a p r in t  swi t ch  used  by t h e  i n t e g r a t o r  f o r  p r i n t i n c  
a h i s t o r y  of the computing interval  and reasons 
f o r  i t s  change 
KE an   e r ro r   i nd ica to r   p r in t ed  by LAGR 
KTEST the  input   in eger   with  w ich  the u s e r  selects 
t h e  number of  l i n e s  ineach  output  pr in t  b lock  
LREF( L re f )  re ference   l ength  ( f t .  o r   me te r s )  
L A M D A ( 1 , l )  ( N ; )  i n t e g r a l  o f  udq  from 0 t o  i* " 
LAMDA(1 ,2 )  ( & )  i n t e g r a l  o f  udq  from 0 t o  1 
" 
L A M D A ( 2 , l )  (&$) i n t e g r a l  o f  G2dq from 0 t o  ?* 
LAMDA(2,2) ( & )  i n t e g r a l  o f  G'dV from 0 t o  1 
MACH t h e  namelist name used  for  input  of  the  ex terna l  
Mach number d i s t r i b u t i o n  
MUWMUE (Fw) w a l l - t o - e d g e   v i s c o s i t y   r a t i o   a t  p o i n t ,  X L I  
MUTLDA (G) r a t i o   f   v i s c o s i t y  a t  po in t  y/L i n  the  boundary 
NOXPTS t h e  number of   ax ia l   po in ts   a long   which   ex terna l  
l a y e r  t o  edge  v i scos i cy  a t  po in t ,  X L I  
information i s  suppl ied 
NP RFP T 
NINTPT 
0VRID.E 
ORDRAY 
OMEGA ( i2) 
the  number o f  p o i n t s  a t  which p r o f i l e s  a r e  
des i r ed  
t h e  number of  in tegra t ion  s teps  be tween ad jacent  
l i nes  o f  p r in tou t  i n  an output block 
the  namel i s t  name u s e d  f o r  i n p u t  o f  a l l  
required  program  input  informat  ion 
one-dimensional array of integers used to change 
order  of  Lagrangian interpolat ion and dZfferent ia t ion 
non-dimensional constant property momentum th ickness  
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P I O ( T 0 )  
PHIBAR(?) 
PHIBRO (Go )
PHIMAX 
P H I B A R P ( ( ~ I )  
PREF 
PTREF 
PRESSR 
PCOEFF 
P H I 2  
QREF 
RBAR(E) 
RBARP(R')  
the working value of t h e  wake parameter, 
a dependent  var iab le  
t h e  i n i t i a l  v a l u e  of the dependent  var iable  P I  
the  der iva t ive  of  the  dependent  var iab le  P I  
the working value of the incompressible skin 
f r i c t ion  pa rame te r ,  a dependent  var iable  
the  output  name used for  the dependent  var iable ,  P H I  
t h e  i n i . t i a l  v a l u e  o f  P H I  
t h e  maximum permit ted value of  the,dependent  
v a r i a b l e ,  P H I  (i.e., i f  P H I  exceeds  this   value,   an 
EermlnaEes 
the  der iva t ive  of  the  dependent  var iab le  P H I  
r .ror m ssage is printed and the program computation 
reference s t a t i c  p r e s s u r e ,  i n p u t  i n  pounds  per sq. inch 
reference t o t a l  p r e s s u r e ,  i n p u t  i n  pounds per  sq. inch 
namelis t  name used for  input  of  external  pressure 
d i s t r i b u t i o n  
namelis t  name used for  input  Of externa l  pressure  
c o e f f i c i e n t   d i s t r i b u t i o n  
t ab le  o f  p re s su res  inpu t  v i a  PRESSR namelis t  
ou tpu t  a r r ay  de f in ing  ( cf/2 * 
output  a r ray  def in ing  (cf/2 + qw)' 
referenc'e dynamic pressure ,  input  i n  pounds per sq. inch 
the transformed Reynolds number based on boundary 
l a y e r  h e i g h t  and initial u n i t  Reynolds number - 
a dependent  var iable  
the  der iva t ive  of  the  dependent  var iab le  RBAR 
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RDLTSTR ( R  *) 
6 
RTHETA (Re ) 
e 
REQLO 
RHOEO 
RYLOC (R ) 
Y 
RYBOST (Ry/;;) 
SPEED 
SGMATILDA ( G )  
t h e  o u t p u t  name u s e d  f o r  t h e  l o c a l  v a l u e  of 
the physical  Reynolds  number based on the 
displacement  thickness  
t h e  o u t p u t  name used  fo r  t he  loca l  va lue  of t h e  
physical Reynolds number based on the momentum 
th i ckness  
i n i t i a l  v a l u e  of u n i t  Reynolds  number, l / f t .  
o r  Umeters 
value of t h e  u n i t  Reynolds number a t  X L I  
w a l l - t o - e d g e  d e n s i t y  r a t i o  a t  p o i n t ,  xLr 
r a t i o  of t h e  d e n s i t y  a t  p o i n t  (y/L) i n  t h e  
boundary layer t o  t h e  d e n s i t y  o f  t h e  e x t e r n a l  f l o w  
a t   p o i n t  X L I  
Reynolds number based on loca l  edge  condi t ions  
and  phys ica l  he ight  in  the  boundary  layer  
output  block i n  p r o f i l e  c a l c u l a t i o n  
t h e  name l i s t  name used  fo r  i npu t  o f  t he  
e x t e r n a l  v e l o c i t y  d i s t r i b u t i o n  
t h e  program output name used for  one of 
Coles '   sca l ing   parameters  
88 
SIGMA (C)  
STILDA (G) 
STLDAO (Go) 
SGTLDA ( G )  
STLDAP (G' ) 
SGMATLDA (a) 
TWALL (Tw) 
TWALLO (Tw) 
TTILDA (T)  
THETA (e 1 
TAULAW 
TAUSTR 
TSLDA (ys) 
nondimensional constant property displacement 
th ickness  
one  of  Coles'  scaliilg  parameters 
i n i t i a l  v a l u e  o f  t h e  above dependent variable 
equ iva len t  t o  STILDA (used i n  ce r t a in  po r t ions  of 
t h e  c a l c u l a t i o n s  w i t h  t h i s  name) 
de r iva t ive  o f  STILDA 
equ iva len t  t o  STILDA ( t o  r e p r e s e n t  t h i s  v a r i a b l e  
i n  the  output  a r ray)  
the  wal l   temperature  - R or  K 0 0 
i n i t i a l  v a l u e  of the  wal l   temperature  - R or  K 0 0 
r a t i o  of the  t empera tu re  a t  po in t  y/L i n  the  
boundary layer  to  the temperature  of  the external  
flow a t  p o i n t ,  X L I  
phys ica l  momentum th ickness  
r e l a t i v e  e r r o r  i n  RBAR ca l cu la t ion  
output  a r ray  def in ing  va lue  of  shear  a t  q 
-* 
value  of a t   sub laye r   he igh t  
TT/TTE ( T ~ / T  
Ee  the  boundary  layer 
) s tagnat ion  tempera ture  ra t io  a t  po in t  Y/L i n  
U E I N  
t h e  l o c a l  e x t e r n a l  v e l o c i t y  - f t /sec or  meters /sec 
t h e  i n i t i a l  o r  r e f e r e n c e  v a l u e  o f  UE 
t h e  l o c a l  e x t e r n a l  velocity normalized with 
r e s p e c t  t o  UEO - a dependent variable 
tab le  of  loca l  va lues  of  ex terna l  ve loc i ty  input  
v ia  SPEED namel i s t ,  f t / s ec  
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UE (ue) 
UPLUS (G+) 
UGEN (e) 
U D I F  
USTLDA (Gs ) 
UTLDSR (;* ) 
VBAR (vw) 
VPMIN 
UBARP 
VBARIN 
VBARW 
VTLDAI (yw) 
VTLDAO (yo 
WBARI (w) 
the a r r a y  of smoothed values of the inpu t  
e x t e r n a l   v e l o c i t y .  I f  no  smoothing is done 
t h i s  a r r ay  con ta ins  the same information a s  
the U E I N  a r r ay .  
o u t p u t  a r r a y  d e f i n i n g  local  va lues  of u/u 
ou tpu t  a r r ay  de f in ing  local va lue  of Stevenson 's  
gene ra l i zed  ve loc i ty  
" 
7 
output  a r ray  def in ing  d i f fe rence  in  edge  and  
loca l  va lues  of  S tevenson ' s  genera l ized  ve loc i ty  
non-dimensional velocity a t  sub-layer  height  
va lue  of  G a t  r) ,* 
w a l l  b lowing value in  constant  property plane non- 
d i m e n s i o n a l i z e d  w i t h  i n i t i a l  c o n s t a n t  p r o p e r t y  e x t e r n a l  
v e l o c i t y  
i n i t i a l  v a l u e  o f  VBAR 
w a l l  blowing value non-dimensionalized with 
shear v e l o c i t y  
def inss  absolu te  leve l  of t o l e rance  on VWPLUS. 
Absolute  values  of  VWPLUS less than  VPMIN are 
assumed t o  be zero  ( i .e . ,  implying  no  blowing) 
d e r i v a t i v e  of the dependent  var iable  VBAR 
t ab le  o f  i npu t  va lues  o f  VBAR 
output  array of  loca l  va lues  of  VBAR 
w a l l  b lowing value in  constant  property p lane  non- 
d i rnens iona l ized  wi th  loca l  cons tan t  proper ty .ex terna1  
ve loc i t y  
i n i t i a l  v a l u e  of T 
l oca l  va lue  of T /T 
Te 
wake func t ion  
the i n i t i a l  s t a r t i n g  o r  r e f e r e n c e  v a l u e  o f  X 
90 
XPROFL 
XEL (x/L) e 
X L I  
XLO (x/L) 
XTWL (x/LIw 
YLOC (y/L) 
YSPLUS 
YPLUS 
ZBAR ( E )  
ZBARS ( Z s )  
DZBARS 
ZETA1 
ZETA2 
the 1-D a r r a y  of user-prescribed values of X ,  
RE or  REX a t  which profiles are t o  be 
coaputed 
table  of (x/L) .values corresponding t o  i n p u t  
EMEIN table  
local  value of non-dimensional ax ia l  coord ina te  
i n i t i a l  non-dimensional s t a r t i n g  d i s t a n c e ,  for 
c a l c u l a t i o n  
table of (x/L)values  corresponding  to  input 
TWTTEN table,, 
l oca l  values  of y/L f o r  PILOT2 or  loca l  value 
of y ( f t  o r  meters) f o r  PILOT1 
a transformed Reynolds number based on sublayer 
he ight  and  shear  ve loc i ty  
ou tpu t  a r r ay  o f  y 
w a l l  value of blowing parameter (p2 v 
-+ 
S 
w e  
sublayer value of I' I I  II 
r e l a t ive  e r ro r  on  Z 
ou tpu t  a r r ay  de f in ing  7 / c  /2 w f  
ou tpu t  a r r ay  de f in ing  / (c /2+7 ) ' w f  W 
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SUMMARY SHEETS OF INPUT REQUIREMENTS AND STORED DATA 
92 
SUBROUTINE  INPUT 
Control  NOXPTS  Namelist  MACH 
NPRFPT 
NINTPT 
Print Opt ions 
23 RETURN
93 
SUBROUTINE  DERSUB 
calculate 
Y e s  va lues  of the dependent DCHIBR = V A R ( 1 )  - 
Set  the working 
respective CWAR values 
C W A R  ( 1 )  L .  variables t o  their 
I 
CALL BOUNDE 
and w a l l  condi t ions 
"- 
=9 vf t o  update the edge 
G I % 
CALL  SUBLYR  CALL PARDRV CALL  GETQS 
t o  calculate prop- 
layer height 
perties a t  sublayer der ivat ives  a t  sub- rof i le  parameters a t  
c 
c t o  calculate  pa r t i a l  + to  calculate  ve loc i ty  
1 height I I 
calculate coeff 
f 
CALL MEMOVE CALL MEMOVE CALL  SIMQ 
E q u i v a l e n c e   m a t r i x  A E q u i v a l e n c e   m a t r i x  c t o  i n v e r t  matrix of 
w i t h  matrix AOLD w i t h  matrix COLD t ordinary D . E . ' s  
+ * 
- 
CALL ERROR G e n e r a t e  the  
P r i n t  an error m e s s a g e .  
P r i n t  con ten t s  of stored* 
Y e s  N o  derivatives (DER a r r a y )  
and c arrays arrays,  t h e n ' t e r m i n a t e .  
as f u n c t i o n s  of CWAR ~' 
1 
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